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MODEL  SPECIFICAX10K 
EXCISE,  AIRCRAFT,  TCRROFAK 
PIATT  A  UHITKET  AIRCRAFT 
JTP17A-21L 


1.0  SCOPE  \ 

1.1  Scope  -  This  specification  establishes  design,  and  perform* 
requirements  for  the  Pratt  t  Whitney  Aircraft  fPilCA7JTF17A-21L 
turbofan  engine  to  be  certificated  in  PhaserProf  the  Supersonic 
Transport  Program.  Significant  differences  in  thg^design  and  perfo 
ance  of  the  Phas^HHfrlight  Test  Status  (FTSf*euglne>  for  airplane 
flight  testing  are  noted  in  Appendix  A?  O.  .  *  _ - 


Specification  Performance  is  presented  in  table  I  and  table  II 
estimated  performance  throughout  the  conplete  engine  operating 
envelope  is  presented  in  curve  >"o.  S-82,  sheet  1.  The  Installation 
Drawing  forms  a  part  of  this  specification  and  is  included  herein. 

2.0  APPLICABLE  DOCBtCCTS  -  The  following  publications  were  used 
as  a  guide  in  the  preparation  of  this  document  and  form  a  part  of  this 
document  to  the  extent  specified  herein. 

2.1  Government 


2.1.1  FAR  Part  1  -  Federal  Aviation  Regulations  "Definitions 
and  Abbreviations,”  effective  date  15  May  1962. 

2.1.2  FAR  Part  21  -  Federal  Aviation  Regulations  "Certification 
Procedures  for  Products  and  Parts,”  effective  date  21  Septeaber  1965. 

2.1.3  FAR  Part  25  -  Federal  Aviation  Regulations  "Airworthiness 
Standards:  Transport  Category  Airplanes,”  effective  date  29  July  1965. 

2.1. A  FAR  Part  33  -  Federal  Aviation  Regulations  "Airworthiness 
Standards:  Aircraft  Engines,”  effective  date  1  February  1965. 

2.1.5  FAR  AC  Xo.  33-1  -  Federal  Aviation  Agency  Advisory 
Circular  "Turbine-Engine  Foreign  Object  Ingestion  and  Rotor  Blade 
Containment  Type  Certification  Procedures,”  effective  date  24  June  1965. 

2.1.6  FAR  Part  45  -  Federal  Aviation  Regulations  "Identification 
and  Registration  Marking,"  effective  date  20  April  1964. 
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2.1.7  MXL-STD-210A  -  "Climatic  Estreats  for  Military  Equipment," 
dated  2  August  1957. 

2.1.8  MII.-STD-704  -  "Electric  Fewer,  Aircraft,  Characteristics 
and  Utilisation  of,"  dated  6  October  1959. 

2.1.9  M1L-E-5007C  -  "Engines,  Aircraft,  Turbojet,  and  Turbofan, 
General  Specifications  for,"  dated  31  Deceaber  1965. 

2.1.10  MIL-S-7742A  -  "Screw  Threads,  Standard  Aeronautical," 
dated  2  December  1959. 

2.1.11  MII-S-8879A  -  "Screw  Threads,  Standard  Aeronautical," 
dated  8  Deceaber  1965. 

2.2  Woo-Cnwetn— nt 

2.2.1  PWA  522  (ASTM  D-1655-65T,  Jet  A,  A-l)  -  Pratt  &  Whitney 
Aircraft  Specification"  Fuel,  Commercial  Aircraft  Turbine  Engine," 
dated  5  Somber  1965. 

2.2.2  PVA  521-B  Type  II  -  Pratt  t  Whitney  Aircraft  Specification 
"Lubricant,  Aircraft  Turbine  Engine,"  dated  25  June  1963. 

2.2.3  SAE  A1P  68 1A  -  Society  of  Automotive  Engineers,  Aeronautical 
Recommended  Practice,  "Engine  Performance  Presentation  for  Use  on  High 
Speed  Digital  Computers,"  dated  1  February  1%0. 

2.2.4  SAE  ASP  865  -  Society  of  Automotive  Engineers,  Aerospace 
Seen  amended  Practice,  "Definitions  and  Procedures  for  Computing  tie 
Perceived  Xoise  level  of  Aircraft  Noise,"  dated  15  October  1964. 

2.2.5  SAE  ASP  866  -  Society  of  Automotive  Engineers,  Aerospace 
Recoomended  Practice,  "Standard  Values  of  Atmospheric  Absorption  as 

a  Function  of  Tenperature  and  Humidity  For  Use  in  Evaluating  Aircraft 
Flyover  Noise,"  dated  31  August  1964. 

2.2.6  SAE  AIS  876  -  Society  of  Automotive  Engineers,  Aerospace 
Information  Report,  "Jet  Noise  Prediction,"  dated  10  July  1965. 

2.2.7  PWA  FTEM  208  -  Pratt  &  Whitney  Aircraft  Technical  Design 
Memorandum,  "Design  Maintainability  Checklist." 

2.2.8  PWA  FIDM  207  -  Pratt  &  Whitney  Aircraft  Technical  Design 
Memo ran dun,  "Design  Reliability  Checklist." 

2.2.9  FVA  FTDM  210  -  Pratt  4  Whitney  Aircraft  Technical  Design 
Memorandum,  "Design  Safety  Checklist." 

3.0  TYPE  AND  DESCRIPTION  -  The  JTF17A-21L  is  a  twin-spool,  axial-flow 
duct  heating  turbofan  engine  with  a  forward  aultistage  fan  (also  serving  as 
the  low  pressure  compressor)  driven  by  a  aultistage  reaction  turbine,  and 
a  aultistage  high  pressure  compressor  driven  by  a  single-stage  reaction 
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turbine.  This  engine  is  capable  of  continuous  operation  at  conditions 
defined  herein.  The  prisary  engine  exhaust  discharges  through  a  fixed 
convergent-divergent  nozzle.  The  engine  incorporates  a  full  length 
concentric  fan  discharge  duct  with  a  duct  beater  for  augmentation.  The 
duct  heater  discharges  through  a  modulating,  variable-area,  convergent 
exhaust  nozzle  operated  by  the  engine  control  and  hydraulic  systems.  The 
combined  primary  and  duct  heater  exhaust  discharges  into  a  variable-area 
divergent  ejector  nozzle  which  also  functions  as  a  thrust  reverser  and  a 
noise  suppressor.  Detailed  descriptions  of  engine  components  shall  be 
presented  in  the  Installation  Handbook. 


3.1  Installation 


3.1.1  Dimension  and  Installation  Drawing  -  The  following  drawing 
ferns  a  part  of  this  specification: 

Engine  Installation  Drawing  So.  2128101  dated  8  August  1966. 

3.2  Dry  Weight  of  Engine  -  The  dry  weight  of  the  basic  engine  shall 
not  exceed  9860  pounds.  The  total  dry  weight  of  the  engine  including 
special  installation  items  shall  not  exceed  10,247  pounds.  The  total 
dry  weight  does  not  include  the  weight  allowance  required  for  cover 
plates  and  those  brackets  supplied  with  the  engine  that  are  to  be  utilized 
for  the  support  of  airframe  equipment.  Engine  components  included  in  the 
basic  engine  cry  weight  are  as  follows: 


Fuel  System  Including  Gas  Generator  Control,  Duct  Heater 
Control,  and  Fuel  Pumps 

Lubrication  System  Including  Oil  Tank  and  Fuel/Oil  Coolers 
Engine  Ignition  System  Without  Power  Source 

Variable-Area  Duct  Heater  Exhaust  Nozzle  Including  Control  System 
Windmiiling  Brake  System  (Aerodynamic) 
keverser-Suppressor  Including  Control  System 
Gas  Generator  Exhaust  Gas  Temperature  and  Pressure  Probes 
Provisions  for  Power  Setting  Instrumentation 

Special  installation  features  included  in  the  total  dry  weight  of  the 
engine  are: 

Fuel  Inlet  Manifold 

Power  Takeoff  Provisions  Including  Angle  Gezrbox  and  Decoupler 
Centerline  Bend  of  5  degrees 
Inlet  Splitter  Mounts 

Environmental  Control  System  Compressor  Drive  and  Associated 
Hardware 

Turbopump  Discharge  Diffuser 

Single  Point  Radial  Bear  Mount 

Right  and  Left  Front  Thrust  Mounts 

Front  Mount  Relocation 

Xacelle  to  Reverser-Suppressor  Fairing 
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3.2.1  Weight  of  gasidual  Fluid*  -  Ibe  estimated  weight  of  residual 
fluids  re— tiling  in  the  engine  after  operation  and  drainage  is  40  pounds. 

3.3  Engine  Mounting  -  Engine  noueting  provisions  and  load  limits 
shall  be  as  specified  on  the  Installation  Drawing. 

3.4  Requirements 

3.4.1  Materials  and  Processes  -  Materials  and  processes  used  in 
the  manufacture  of  the  engine  shall  be  of  quality  consistent  nith 
aircraft  standards. 

3.4.2  Standards 


3. 4. 2.1  Parts  -  AS,  MS,  or  AS  standard  parts  shall  be  used  unless 
they  are  determined  by  PAUA  to  be  unsuitable  for  the  purpose,  and  shall 
be  identified  by  their  standard  part  numbers. 

3.4. 2. 2  Design  Standards  -  MS,  AXD,  and  industry  design  standards 
shall  be  used  unless  they  are  determined  by  PttiA  to  be  unsuitable  for 
the  purpose. 

3.4.3  Parts  List  -  The  parts  list  for  the  engine  which  satisfac¬ 
torily  completes  the  certification  teat  as  modified  by  approved  changes 
shall  constitute  the  parts  list  for  engines  of  the  tie  model  to  be 
delivered. 


3.4.4  Interchangeability  -  All  parts  having  the  sane  manufacturer's 
part  number  shall  be  functionally  and  dimensionally  interchangeable  with 
each  other  with  respect  to  installation  and  performance,  except  that 
matched  parts  or  selective  fits  will  be  permitted  where  required. 

3.4.5  Accessibility  -  Those  parts  of  the  engine  requiring  line 
maintenance  checking,  adjustment,  draining,  or  replacement  shall  be 
made  accessible  without  engine  teardown  or  removal  of  major  parts, 
components  or  accessories  as  shown  on  the  Installation  Drawing. 

3.4.6  Maintainability.  Eel Lability,  and  Safety 

3.4.6. 1  Msintainablli ty  -  The  engine  shall  be  designed  for 
ease  of  servicing  and  maintenance  in  accordance  with  2.2.7. 

3. 4. 6. 2  Reliability  *  Engine  reliability  considerations  shall 
be  as  guided  by  2.2.8. 

3. 4. 6. 3  Safety  -  Engine  safety  considerations  shall  be  in 
accordance  with  2.2.9. 

3.4.7  Engine  Expansion  Dimensions  -  Engine  dimensional  changes 
resulting  from  temperature  increases  between  room  and  operating 
temperatures  are  as  shown  on  the  Installation  Drawing. 
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3.4.8  Flight  Maoucver  Force*  -  The  engine  and  its  supports 
shall  withstand  without  permanent  deformation  the  conditions  specified 
on  the  maneuver  load  diagram  shown  on  figure  1.  These  conditions  are 
based  on  the  total  dry  weight  of  the  engine  specified  in  3.2. 

3.4.9  Ground  Handling  -  The  engine  shall  have  provisions  for 
ground  handling  attadaaents.  The  attachment  provisions  shall  be 
designed  for  the  following  Unit  loads: 

a.  Vertical  loading  -  4  "g" 

b.  Side  loading  -  2  *°g" 

c.  Fore  to  aft  loading  -  1.5  MgM 

3.4.10  Engine  Inlet  Flange  Design  Load  -  The  engine  inlet 
flange  design  load  shall  be  as  specified  on  the  Installation  Drawing. 

3.4.11  Containment  and  Kotor  Structural  Integrity  -  The  engine 
shall  be  designed  for  rotor  blade  containment  to  meet  the  requirement 
of  Paragraph  33.19  of  Reference  2.1.4  and  compliance  shall  be  specified 
in  the  engine  type  certificate.  Failsafe  designs  shall  be  incorporated 
with  the  objective  of  eliminating  the  possibility  of  catastrophic 
failure.  Particular  attention  shall  be  given  to  the  following: 

a.  The  integrity  of  turbine  and  compressor  disks  with  the 
objective  of  hawing  blades  fall  first  under  overspeed  or 
overtemperature  malfunctions. 

b.  The  integrity  of  shafts  connecting  compressors  to  turbines 
such  that  bearing  or  lubrication  failure  shall  not  cause 
parting  or  decoupling  of  the  shaft. 

c.  To  provide  necessary  margin  for  rotor  structural  integrity, 
the  compressor,  fan  and  turbine  rotors  shall  be  of  sufficient 
strength  to  withstand  the  following  abnormal  conditions: 

(1)  Rotor  speeds  at  120Z  of  maximum  allowable  speed  on 
representative  disks  (compressor  and  turbine)  at 
navi  mime  allowable  disk  temperatures  and  gradients 
for  5  minutes. 

(2)  Measured  gas  temperature  at  least  75*F  (41.7*C)  in 
excess  of  the  maxlaam  allowable  measured  gas 
temperature  and  at  maximum  allowable  speed  for 

S  minutes. 

3.4.12  Flammable  Fluid  Systems  -  All  external  lines  and  fittings 
which  convey  fltaarhle  fluids  shall  be  fireproof  as  defined  in  2.1.1. 
Each  separable  joint  or  connection  shall  be  designed  so  that  likelihood 
of  leakage  causing  a  fire  hazard  is  remote. 

3.4.13  Engine  Connections  -  All  electric,  fluid  and  pneumatic 
connections  to  which  the  airframe  manufacturer  will  attach  are  defined 
on  the  engine  Installation  Drawing. 
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3.4.14  Connection  ItetlfiotioB  -  Insofar  as  is  practical,  the 
engine  shall  be  permanently  narked  to  indicate  all  airfrmse  connections 
dmm  on  the  Installation  Braving  for  instrumentation,  electrical, 
fluid  and  pneumatic  connections.  Similar  fluid  connections  located  in 
close  proxinity  to  each  other  shall  he  node  physically  nonlnterchangeable. 

3.4.15  Engine  Mounted  Airframe  Accessories 

3.4.15.1  Use  of  Integral  Oil  Systems  for  Accessories  -  The  integration 
of  accessory  oil  systems  with  that  of  the  engine  shall  not  he  acceptable. 

3.4.15.2  Engine- Supplied  Seaport  Brackets  for  Airframe  Accessories  - 
Engine-supplied  support  brackets  for  airframe  accessories  shall  he 

as  shown  on  the  Installation  Drawing.  Support  of  airframe  equipment 
shall  be  coordinated  with  and  agreed  upon  by  P6KA. 

3.4.15.3  Cover  Plates  -  Cover  plates  for  covering  all  accessory 
drive  openings  where  the  accessory  is  not  mounted  for  engine  shipment 
shall  be  supplied  with  each  engine.  Suitable  provisions  for  covering 
or  plugging  all  other  connection  openings  shall  be  made.  Cover  plates 
suitable  for  flight  operation  shall  be  provided  on  drive  pads  and  connecting 
points  which  are  not  need. 

3.4.16  Useful  Life  -  The  engine  shall  be  designed  for  a  useful 
life,  including  repair,  consistent  with  am  airplane  normal  service 
life  expectancy  of  at  least  50,000  hours.  The  design  objective  for 
the  basic  engine  shall  be  a  useful  life,  without  repair,  in  excess 
of  5000  hours.  P4KA  shall  undertake  the  design  and  development  of 
improved  components  or  parts  and/or  repair  procedures  for  the  components 
or  parts,  as  shorn  to  be  required  by  airline  service. 

3.4.17  Identification  of  Product  -  The  identification  data  applied 
to  the  engine  data  plate  shall  be  in  accordance  with  2.1.6  as  follows: 

Manufacturer's  Same  or  Trademark 

Model  Designation  * 

Serial  So.  * 

Installation  Arrangement  * 

Takeoff  Rating  * 

Fuel  * 

Type  Certificate  Xuedier  * 

Production  Certificate  Number  * 

*  Applicable  data  to  be  entered  by  P6KA. 

Equipment,  assemblies  and  parts  shall  be  narked  for  identification 
in  accordance  with  P&UA  standard  procedures. 

4.0  MASS  MDgggfT  OF  DtOtTlA  OF  ROTATIXG  PARTS  -  The  estimated 
effective  mass  moments  of  inertia  cf  the  engine  rotors  about  their 
axes  are  30.0  slug-feet  squared  for  the  low  rotor  and  21.5  slug-feet 
squared  for  the  high  rotor.  The  maximum  effective  mess  moment  of  inertia 
of  the  engine  at  the  power  takeoff  accessories  drive  is  as  shown  on 
curve  So.  S-82,  sheet  20. 
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4.1  Engine  Maas  Moment  of  Inertia  -  The  engine  mass  moment  of 
inertia  shall  be  as  specified  in  the  Installation  Handbook. 

5.0  YIBBATICK  -  The  engine  shall  be  designed  and  constructed  to 
function  throughout  its  operating  range  without  inducing  excessive 
stress  in  any  of  the  engine  parts  because  of  vibration.  The  engine 
unbalance  shall  not  cause  an  engine  case  displacement  greater  than 
+  3  ails.  This  vibration  requirement  is  applicable  to  engines  operating 
with  specified  flight  weight  components  installed.  Installed  vibration 
characteristics  of  the  engine-nacelle  combination  must  be  established 
by  the  airframe  manufacturer  and  be  coordinated  with  PCUA. 

5.1  Airframe  Vibration  Testing  with  Installed  Engines  -  If  the 
airframe  manufacturer  deems  it  necessary  to  shake  the  airframe  with  the 
engine  installed  during  airframe  stress  and  fatigue  tests,  or  during 
tests  to  establish  vibration  characteristics,  it  will  be  necessary  to 
rotate  both  engine  rotors  to  prevent  brinelling  of  the  bearings.  Kotor 
speeds  may  be  achieved  by  turning  the  high  rotor  with  a  hydraulic  starter 
or  the  low  rotor  with  an  air  stream  directed  on  either  the  turbine  or 
fan  blades.  The  determination  of  safe  rotor  speeds  must  be  coordinated 
with  and  agreed  upon  by  P&liA. 

6.0  ESCIKE  PEKFOKMtfCE 


6.1  Performance  Katinas  -  The  specified  ratings  are  attainable 
on  a  PWA  test  stand  using  a  PttA  bellmouth  inlet  at  1962  U.  S.  Standard 
Atmosphere  (Geometric)  conditions  at  the  engine  inlet  and  including 
correction  to  engine  performance  for  any  bellmouth  total  pressure  loss. 
The  S|-»ecifled  engine  thrusts  and  thrust  specific  fuel  consumptions 
(ISFC)  include  the  effects  of  the  reverser-suppressor  as  shown  on  the 
Installation  Drawing  when  operating  in  a  free  flow  field  with  the  flow 
axis  parallel  to  the  reverser-suppressor  axis.  This  performance  is 
based  on  a  temperature  corrected  secondary  airflow  (V  defined  below) 
of  2i,  unless  otherwise  specified,  except  for  reverse*fhrust  which  is 
based  on  zero  secondary  flow.  A  minimum  of  2X  corrected  flow  is 
required  at  all  operating  conditions  when  the  tertiary  and  reverse  doors 
are  closed. 


where: 

»  secondary  airflow,  lb/sec 

*  total  gas  generator  gas  flow  at  nozzle  throat,  lb/sec 
V  *  total  duct  gas  flow  at  nozzle  throat,  lb/sec 
Tt2  *  compressor  inlet  total  temperature,  *R 
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•  secondary  stress  temperature  rise,  *S 
T  ^  •  total  teaperature  at  (as  generator  nozzle  throat,  *R 
T  ^  »  total  teaperature  at  duct  nozzle  throat,  *R 


The  specified  reverse  thrust  is  attainable  at  sea  level  static  test 
stand  conditions  when  reingest ion  of  exhaust  gases  is  not  experienced, 
and  without  special  restrictive  provisions  for  reverse  targeting. 

The  specified  value  is  based  upon  a  reverse  effective  flow  area  over 
198  degrees  of  circimference  and  a  mean  gas  discharge  angle  of  20  degrees 
or  less  with  the  exhaust  nozzle  centerline. 

6.1.1  Guaranteed  Standard  Day  Calibration  Stand  Performance  at 
Sea  Level  -  The  guaranteed  steady-s t«te  performance  ratings  at  static, 
sea  level,  standard  day  conditions  are  as  shown  in  table  I  for  a  complete 
production  engine  including  the  reverser-suppressor  when  operating  on 
a  fuel  specified  in  2.2.1,  without  compressor  airbleed  or  load  on  accessory 
drives  other  than  that  required  for  continuous  engine  operation. 

Table  1.  Guaranteed  Standard  Day  Calibration 
Stand  Performance  at  Sea  Level 


Rating  Set  Thrust 
(min),  lb 
(4) 


TSFC  Estimate  of  Estimated  Secondary  Esimated 

(max),  Measured  Airflow,  Airflow,  Engine 
lb /hr /lb  Exhaust  Gas  lb/sec  lb/sec  Rotor  Speed, 
(7)  Temp,  (max),  rpm 

•r  C c)  h.  (5)  x_ 

(5) 


Takeoff 


Augmented 

60,760(6) 

1.78 

1515 

(823.9) 

667 

0 

6500 

8200 

Son- 

augmented 

38,130 

0.75 

1515 

(823.9) 

687 

0 

6500 

8200 

Maximum  <2) 
Augmented 

60,760(6) 

1.78 

1515 

(323.9) 

687 

0 

6500 

8200 

(3) 

Maximum 

Reverse 

15,300 

— 

— 

— 

— 

- 

— 

— 

(1)  Takeoff  Rating  -  This  rating  Is  intended  for  takeoff  use  only  and 
is  time  limited  to  5  minutes.  The  specified  takeoff  rating  is  the 
maximum  takeoff  thrust  available  at  standard  day  temperatures  and 
below. 


(2)  Maximum  Rating  -  This  rating  is  primarily  intended  for  climb  and 
acceleration  with  augmentation  from  zero  to  full  duct  beat.  This 
rating  is  time  limited  to  30  minutes.  This  rating  is  also  available 
for  emergency  use  at  the  discretion  of  the  pilot  and  is  authorized 
as  a  maximum  continuous  rating  under  emergency  conditions. 
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(3)  The  specified  maximum  reverse  thrust  is  as  measured  aloof  the  exhaust 
nozzle  centerline  and  is  tine  limited  to  1  minute. 

(4)  Forward  thrust  is  measured  along  the  exhaust  nozzle  centerline. 

(5)  Subject  to  change  prior  to  engine  certification. 

(6)  This  value  is  61,000  pounds  when  the  exhaust  system  secondary 
corrected  airflow  is  22. 

(7)  Based  on  fuel  having  a  lover  heating  value  of  18,400  Btu/lb. 


6. 1.1.1  Demonstration  of  Calibration  Stand  Performance  -  Engine 
performance  of  table  I  will  be  demonstrated  wing  a  production  engine 
with  the  reverser-suppressor  anu  TWA  bellmouth  inlet. 

6.1.2  Guaranteed  Steady-State  Performance  Katinas  at  Standard 
Altitude  Conditions  -  The  guaranteed  steady-state  performance  ratings 
at  standard  altitude  conditions  are  as  shorn  in  table  II  for  a  complete 
production  engine  including  the  reverse r-supprmssor  when  operating  on 
fuel  specified  in  2.2.1  without  coapressor  air  bleed  or  load  on 
accessory  drives  other  than  that  required  for  continuous  engine  operation, 
and  with  simulated  distortion  patterns  which  are  representative  of  the 
airframe  manufacturer's  inlet  but  not  to  exceed  those  of  10.0.  Performance 
in  terms  of  the  airframe  manufacturer's  ram  recovery  and  secondary  airflow 
rate  is  shown  in  table  IIA. 

6. 1.2.1  Demonstration  of  Altitude  Performance  -  Engine  performance 
of  table  II  will  be  demonstrated  using  a  production  engine  or  an  engine 
assembled  substantially  in  accordance  with  the  production  parts  list 

on  a  P4WA  approved  test  stand  using  the  specified  fuel  and  standard 
calibration  equipment  and  methods.  The  substantiation  of  any  guaranteed 
point  where  the  teat  conditions  exceed  the  capability  of  the  laboratory 
will  be  by  calculations  from  test  data  obtained  at  test  conditions  that 
lie  within  the  capacity  of  the  laboratory. 

Engine  performance  will  be  demonstrated  by  calibrations  without  the 
reverser-suppressor.  Beverser-suppressor  gross  thrust  coefficients  (C.  ) 
determined  from  Isolated  scale  model  tests  in  a  free  flow  field  with  a  " 
uniform  and  parallel  flow  forward  of  the  tertiary  doors,  will  be  applied 
to  the  ileal  expansion  gross  thrust  to  obtain  the  actual  gross  thrust. 
Siaulate-l  flight  Mach  lumber  and  altitude  conditions  will  be  accomplished 
by  setting  measured  test  engine  inlet  total  pressure  and  total  temperature 
corresponding  to  that  calculated  for  the  1962  U.  S.  standard  Atmosphere 
(Geometric)  end  the  specified  inlet  ram  recovery.  Engine  airflow  will 
be  measured  using  s  standard  AS*  orifice  to  permit  the  calculation 
of  ran  drag  and  gross  thrust.  Measurements  of  engine  discharge  pressures, 
temperatures,  sad  areas,  combined  with  ambient  back  pressure  for  the 
simulated  altitude,  permit  calculation  of  gross  thrust  assuming  an 
ideal  expansion  process  to  ambient  pressure. 
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Set  thrust  is  determined  by  subtracting  the  calculated  ran  drag 
(of  the  engine  plus  second sty  airflows)  from  the  calculated  gross  thrust. 
The  specified  TSFC  is  obtained  by  dividing  the  Measured  engine  fuel  flaw 
by  the  net  thrust. 

For  the  purpose  of  practical  deuoos tration ,  the  altitude  perforaance 
will  be  net  if  substantiated  within  the  precision  of  the  altitude  labora¬ 
tory  equipment. 

4.2  Estineted  Engine  Perfomsnre  -  Estinsted  engine  perforaance 
end  date  are  shown  on  curve  Bo.  S-82,  sheets  1  through  33.  Inforuetlan 
supplied  on  these  curves  is  based  upon  no  air  bleed  and  no  power  extraction 
over  and  above  that  required  for  continuous  operation  of  the  engine  and 
accessory  drives,  except  ae  specified. 

A  card  deck  prograa,  reference  curve  No.  S-82,  sheet  1,  shall  be 
provided  which  is  capable  of  running  on  s  highspeed  coaputer  Mutually 
agreed  upon  by  PIMA  and  the  airframe  Manufacturer.  This  prograa  trill 
define  estineted  engine  performance,  representing  -nsrlnan  fuel  flow, 

Minianw  thrust  sod  average  values  for  ail  other  ltens,  and  will  be 
consistent  with  the  engine  performance  specified  in  table  I  and  table  II. 
Idle  thrust  nay  be  average.  The  progran  shall  be  capable  of  generating 
data  at  any  power  setting  fron  idle  to  takeoff  at  any  altitude,  Mach 
nunber,  or  anblent  t superstore  within  the  engine  operating  envelope. 

The  progran  shall  be  capable  of  asking  corrections  for  horsepower, 
extraction,  inlet  pressure  recovery  and  air  bleed. 

Unless  otherwise  specified,  all  engine  perforneaee  estimates 
are  based  upon  the  following: 

a.  Ambient  conditions  in  accordance  with  1962  V.  S.  Standard 
Atmosphere  (Geometric). 

b.  Inlet  total  pressure  recovery  at  the  engine  inlet  as  defined 
in  curve  No.  S-82,  sheet  S. 

c.  Radial  and  circumferential  overall  pressure  distortion  at 
the  engine  inlet  ss  defined  in  section  10.0  (s). 

4.  Fuel  with  a  lower  heating  value  of  18,400  Btu/lb. 

e.  No  power  extraction  or  compressor  sir  blsed  over  and  above 
that  necessary  for  operation  of  engine  accessories  and  drives. 

f.  Minium  effective  flow  area  for  reverscr-suppressor  tertiary 
air  Induction  of  12.0  square  feet  over  a  win lane  circumference 
of  242  degrees. 

g.  Thrusts  are  along  the  exhaust  nozzle  centerline. 

6.3  Flisht  Conditions  -  The  engine  shall  function  satisfactorily 
under  the  following  flight  conditions: 

a.  Level  position  (horizontal)  with  the  engine  inclined  (roll) 

20  degrees  to  either  side. 

b.  level  position  (horizontal)  with  the  engine  inclined  (roll) 

43  degrees  to  either  side  for  30  seconds. 

c.  Zero  to  15  degrees  below  horizontal  (nose  down)  with  up  to 
20  degrees  inclination  on  either  side. 
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d.  Zero  to  30  degrees  above  horizontal  ( r.ose  up)  with  up  to 
20  degrees  inclination  on  either  side. 

e.  Flight  operation  under  negative  1  "g"  flight  conditions  for 
10  seconds. 

f.  Flight  operation  under  zero  "g”  flight  conditions  for  3  seconds. 

6.4  Atmospheric  Liquid  Water  -  The  engine  shall  operate  satisfactorily 
throughout  the  flight  operating  envelope  cmder  conditions  of  idle  to 
maximum  thrust  at  levels  up  to  32  of  the  total  airflow  weight  in  the  form 
of  water  (liquid  and  vapor)  evenly  distributed  as  it  enters  the  engine 
inlet. 

#.0  EgCrSE  0PERAT1SC  ENVELOPE  -  The  engine  shall  operate  satisfactorily 
within  the  inlet  total  temperature  and  total  pressure  limits  as  shown 
on  curve  Xo.  S-82,  sheet  2. 

8.0  THRUST  TRASS iESTS 


8.1  Stability  -  Under  steady-state  operating  conditions  without 
augmentation,  thrust  oscillation  shall  not  exceed  +  3?  of  the  thrust 
available  at  that  particular  power  lever  position  and  flight  condition, 
but  in  no  event  shall  the  thrust  oscillation  exceed  +  H  of  the  uudsn 
nooaugmented  thrust  available.  During  steady-state  operation  with  any 
ax'jnt  of  augmentation  up  to  amxlmua,  the  engine  thrust  oscillation 
shall  not  exceed  +  12  cf  the  maxinum  augmented  thrust  available  at  that 
condition. 


8.2  Response  -  For  power  lever  movement  of  l  second  or  less,  the 
time  required  to  safely  accomplish  the  following  transients  on  a  standard 
day  with  no  bleed  or  power  extract tor  shall  not  exceed  the  tabulated  values, 
as  installed  in  the  aircraft,  from  sea  level  to  10,000  feet  altitude: 


Transient  Time, 

sec. 


Idle  to  752  aaxixus  rceaugmented  rating:  6.0 
Idle  to  951  naxiaum  nonaugmented  rating:  8.0 
Idle  to  932  maximum  augmented  rating:  8.3 
301  maximum  nonaugmented  rating  to  931  augmented  rating:  3.0 
Maximum  augmented  rating  to  932  full  reverse:  6.0 
Maxioum  nonaugmented  rating  to  93*  maximum  augmented  rating:  4.0 


SOI  maximum  nonaugmented  rating  to  931  maximum  nonaugmented  rating:  4.0 


The  relationship  of  engine  high  rotor  speed  versus  time  is  shown  on 
curve  Xo.  S-82,  sheet  21. 

8.3  Airflow  Transients  -  Transient  inlet  and  engine  coapatibility 
is  dependent  on  complex  inlet  and  engine  operational  response,  stability, 
and  distortion  characteristics.  Accordingly,  transient  coapatibility 
between  inlet  and  engi»:«  shall  be  developed  by  the  inlet  coapatibility 
program  shared  by  P&Va  and  the  airfrane  aanuf acturer.  P&VA  and  the  air¬ 
frame  sanufacturer  will  establish  final  inlet  and  engine  transient  toler¬ 
ances  m  the  basis  of  detailed  analysis  and  inlet  and  engine  develop¬ 
ment  test*. 
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During  supersonic  inlet  operation  (inlet  started),  engine  airf lev- 
transient  changes  at  maximux  nensugmented  and  above  are  estiaated  to  be 
less  than  +  32  cf  engine  inlet  corrected  airflov.  For  steady-state 
conditions,  the  rate  of  change  shall  not  exceed  502  per  second  for 
airflov?  changes  greater  than  0.52. 

9.0  PRESSURE  ASP  TEMPERATURE  CHANCE 


9.1  Inlet  Pressure  Transients  -  The  engine  is  designed  to  be 
capable  of  experiencing  an  occasional  reduction  in  stabilized  ?  ^  , 

of  602  in  1/10  of  a  second  for  a  maximum  of  2  seconds  without  any  direct 
damage  provided  that  the  distortion  limits  specified  herein  are  not 
exceeded.  Rapid  changes  of  pressure  are  not  recommended  and  would 
be  expected  to  cause  adverse  engine  operation  including  stall  and/or 
flame out. 

The  engine  is  designed  to  be  capable  of  experiencing  an  occasional 
variation  cf  stabilized  Pt2  ^V2  of  +152  and  -602  at  a  frequency  range 
of  up  to  10  cycles  per  second  tor  a  naxinun  of  1  minute  without  any 
direct  damage  provided  that  the  distortion  linits  specified  herein 
are  not  exceeded.  Rapid  changes  in  pressure  are  not  recommended  and 
would  be  expected  to  cause  adverse  engine  operation  including  stall 
and/or  flameout. 

9.1.1  Minimum  Exhaust  Pressure  -  The  engine  inlet  air  total  pressure 
divided  by  the  external  pressure  at  the  exhaust  nozzle  shall  not  be 

less  than  1.0  at  high  rotor  speeds  less  than  6500  rpm  in  flight. 

9.2  Inlet  Temperature  Rate  of  Change 

9*2-1  Koroal  -  The  maximum  continuous  rate  of  inlet  temperature 
change  vhich  the  engine  can  withstand  without  performance  degradation 
is  1.3*F  (0.8*C)  per  second.  The  engine  can  withstand  a  rate  of  inlet 
temperature  change  not  exceeding  3.0*F  (2.8*0  per  second  for  a  total 
of  40*F  (22.2*0  to  account  for  atmospheric  temperature  gradients. 

9.2.2  Emergency  -  Under  eaergency  conditions,  the  maximum  continuous 
rate  of  inlet  temperature  change  shall  not  exceed  3.0eF  (1.7*0  per 
second.  It  is  anticipated  that  performance  degradation  will  result 

from  engine  operation  which  exceeds  the  limits  in  9.2.1  but  does  not 
exceed  the  emergency  limit. 

10.0  ISLET  AIR  PRESSURE  DISTORTION?  -  The  estiaated  capability 
of  the  engine  to  withstand  inlet  air  pressure  distortion  is  described 
below  where  terms  are  defined  as  follows: 


Pt2  Avg 
?t?  Kax 

p 

t2  Min 


«  Average  area  weighted  engine  inlet  total  pressure 

*  Maximum  engine  inlet  total  pressure  measured  using 
instrumentation  as  approved  by  P&VA  and  the  airframe 
manufacturer 

*  Minimum  engine  inlet  total  pressure  measured  using 
instrumentation  as  approved  by  P&VA  and  the  airframe 
manufacturer 
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The  Percent  Overall  Distortion  shall  be  evaluated  as  a  time  dependent 
quantity  and  is  defined  as  the  saxims  instantaneous  value  of  the  quantity. 

Inlet  and  engine  conpatibility  is  dependent  on  complex  inlet  and 
engine  flow*  parameters  including  distribution  and  extent  of  circumferential 
and  radial  distortion.  Accordingly,  compatibility  between  inlet  and 
engine  shall  be  developed  by  PWiA  and  the  airframe  manufacturer  inlet 
conpatibility  program.  P£A»A  and  the  airframe  manufacturer  will  establish 
final  inlet  and  engine  distortion  tolerances  cn  the  basis  of  detailed 
analysis  and  inlet  and  engine  development  tests  and  the  estimates  below 
must  be  considered  as  preliminary  and  subject  to  change.  Until  engine 
development  confirms  that  adverse  effects  of  distortion  within  these 
limits  on  engine  performance  and  component  durability  are  tolerable, 
flight  operation  at  these  distortion  levels  cannot  be  reco»ended. 

a.  For  continuous  operation,  the  estimated  allowable  overall 

inlet  air  pressure  distortion  limits  as  defined  in  10.0  shall  be  approximately 
13X  except  within  1/2  inch  at  the  inside  diameter  and  outside  diameter 
of  the  flow  annulus.  The  effect  of  distortion  on  engine  perforaance 
within  this  limit  nay  be  considered  negligible. 

b.  It  is  estimated  that  overall  distortion  of  25?  excluding  the 
area  within  1/2  inch  of  the  duct  walls  will  not  so  adversely  affect 
engine  operation  as  to  precipitate  engine  stall  or  flameout. 

c.  If  all  P&VA  operating  recommendations  are  followed,  no  direct 
engine  damage  would  be  expected  as  a  result  of  inlet  distortion  in 
excess  of  above  limits,  if  this  distortion  does  not  exceed  a  10-second 
duration. 

11.0  IXLET  AXTI-ICISG  -  The  engine  sh^li  be  capable  of  operation 
througout  the  flight  power  range  without  accumulation  of  ice  cn  the 
engine  air  induction  system  such  as  to  adversely  affect  engine  operation 
or  cause  a  serious  loss  of  thrust  in  continuous  maximum  and  intermittent 
maximum  icing  conditions  as  defined  in  Appendix  C  of  2.1.3. 

12.0  FOREICK  OBJECT  IXCESTIOX  -  The  engine  shall  comply  with  the 
requirements  of  2.1.5  with  respect  to  foreign  object  ingestion.  Demonstration 
of  sheet  ice  ingestion  shall  be  limited  to  single  sheets  of  Ice  1/2- 
inch  thick  and  144  square  inches  ir.  area,  and  a  single  sheet  of  ice 
1  inch  by  2-1/2  inches  by  30  inches  having  a  specific  gravity  of  0.85 
which  is  typical  of  ice  formation  at  the  airframe  inlet. 

13.0  EXHAUST  SYSTEM 


13.1  Secondary  Airflow  -  Secondary  airflow  is  required  for  reverser- 
suopressor  cooling  when  the  tertiary  air  doors  are  closed  to  control 
the  expansion  of  the  fan  exhaust  stream.  The  secondary  air  is  supplied 
to  and  routed  around  the  engine  in  accordance  with  the  requirements 
of  .  1 . 
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14.0  LUMtlCAttOS  SYSTEM  -  Hie  lubrication  system  is  a  self-contained 
engine  syste#  which  does  not  require  an  airframe  supplied  input. 

14.1  Oil  Type  -  The  oil  type  is  as  specified  in  2.2.2. 

14.2  Oil  Consumption  -  The  oil  consuaption  shall  not  exceed  0.25 
gallons  per  hour  as  erasure d  over  a  10-hour  period. 

14.3  Oil  Pressure  and  Teaperature  Limits  -  The  operating  oil 
pressure  at  mart  mem  rated  thrust  shall  be  45  +  5  psi  (relative  to  internal 
engine  scavenge  compartment)  at  250*F  (121.1*0  oil  teaperature.  The 

oil  pressure  and  teaperature  indicator  ranges  required  for  the  cockpit 
indicators  are  0  to  120  psi  and  0  to  235*C,  respectively.  The  maximal 
transient  oil  teaperature  during  normal  operation  shall  be  360*F  (182.2*0 
at  the  location  indicated  for  oil  teaperature  on  the  Installation  Drawing. 
During  winded  11  in g  operation  up  to  251  of  maxima  rated  engine  rotor 
speed,  the  aaxiaua  transient  oil  teaperature  shall  act  exceed  400*F 
(204.4*0  for  3  minutes  and  the  oil  pressure  must  be  positive.  Low 
temperature  starting  and  operation  is  United  to  an  oil  temperature 
corresponding  to  an  oil  viscosity  of  10,000  centistokes. 

14.4  Oil  Quantity  -  The  oil  reservoir  shall  contain  usable  oil 
sufficient  for  10  hours  of  engine  operation. 

14.5  Oil  Tank  -  The  oil  tank  shall  contain  the  foilcaring  features: 

a.  Gravity-fill  port  with  scupper  drain  (at  tank) 

b.  Quantity  Measurements 

(1)  Mounting  boss  for  renote  oil  quantity  transnitter 

(2)  Dip  stick  and  cap 

c.  Scavenge  Oil  Deaerator  (with  tank) 

d.  Drain  Valve 

t.  Strainers  on  Supply  Ports  (pressure  and  gravity) 

f.  Magnetic  Chip  Detector. 

14.6  Oil  Flow  Interruption  -  The  engine  shall  operate  continuously 
with  no  detrinental  effects  during  and  after  a  period  of  10  seconds 

of  negative  *'g"  operation  and/or  30  seconds  of  low  oil  pressure  indication 
caused  by  maneuvers. 

14.7  Drive  Pad  Lubrication  -  The  power  takeoff  and  tachometer 
pads  shall  be  pressure  lubricated  by  the  engine  lubrication  system. 

15.0  FUEL  -  The  engine  shall  function  satisfactorily  throughout 
the  operating  envelope  when  supplied  with  aviation  kerosene  meeting 
the  requirements  of  the  fuel  specified  in  2.2.1  at  the  engine  fuel 
inlet . 

15.1  Fuel  Temperature  Limits  -  The  teaperature  of  fuel  provided 
at  the  engine  inlet  connection  must  be  between  the  limits  shown  below 
for  the  condition  specified.  The  allowable  tine  at  the  maximum  fuel 
teaperature  limits  is  shown  on  curve  So.  5-82,  sheet  22. 
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Table  III. 

Fuel  Teaperature  Limits 

Condition 

FuA  522  (Jet  A,  A-l) 

Ground  Starting 

Minima:  -  Temperature  corresponding 
to  a  fuel  viscosity  of  12  centistokes. 

Maxima:  -  Curve  So.  S-82,  sheet  23. 

All  Other  Conditions 

Minima*  -  10*F  (5.6*C)  above  fuel 
freezing  point. 

Maxinuc  -  260*F  ('26.7*0  or  as  shown 
on  curve  So.  S-82,  sheet  23. 

The  temperature  rate  of  change  at  the  engine  fuel  inlet  connection  shall 
not  exceed  50*F  (27.8*C)  per  ainute.  Provisions  have  been  made  on  the 
engine  to  aeasure  pressure  drop  across  the  fuel  filter  as  an  indication 
of  ice  accuaulation.  The  engine  is  not  equipped  with  a  fuel  heater, 
therefore,  the  airfrae  system  must  be  capable  of  increasing  the  fuel 
temperature  to  prevent  ice  forsatioo. 

15.2  Fuel  Pressure  Limits  -  Fuel  pressure,  including  cyclic  and 
randan  pressure  fluctuations,  at  the  engine  connection  oust  be 
maintained  at  cot  less  than  5  psi  3bove  true  vapor  pressure  of  the  fuel 
and  not  greater  than  30  psig  and  with  a  vapor/liquid  ratio  of  zero.  Fuel 
pressure  at  the  engine  connection  may  be  greater  than  50  psig  but  shall  not 
exceed  73  psig  at  fuel  flows  below  15,000  peunds  per  hour  (ppli).  Pressure 
fluctuations  at  the  engine  fuel  punp  inlets  shall  be  within  the  Unit  of 
curve  So.  S-62,  sheet  24. 


Under  emergency  conditions,  with  tank-nounted  boost  puizps  inoperative, 
the  engine  fuel  system  shall  supply  the  required  anount  of  fuel  for 
engine  operation  free  sea  level  to  80,000  feet  altitude  for  a  period  not 
to  exceed  4  hours  during  a  flight,  including  air  starting  and  augment*- 
tion,  provided  that:  (a)  the  fuel  temperature  at  the  engine  inlet  does  not 
exceed  those  limits  specified  in  15.1;  and  (b)  the  fuel  vapor/liquid  ratio 
at  the  engine  connection  does  not  exceed  0.45. 

The  engine  fuel  system  shall  be  capable  of  prising  itself  and 
starting  within  2  minutes  after  fuel  runout  when  subjected  to  the 
following  conditions  provided  a  suitable  line  from  the  gas  generator 
fuel  pump  discharge  vent,  as  shown  oo  the  Installation  Drawing,  is 
installed: 

a.  Dry  lift  of  4  feet. 

b.  20,000  feet  fuel  tank  altitude. 

c.  140*F  (60®C)  fuel  temperature. 

d.  A  dry  line  volume  of  5  U.  S.  gallons  nar.ir.tn  between  the 
fuel  pump  inlet  and  the  fuel  puzp  supply. 

e.  Fuel  as  specified  in  2.2.1. 
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15.2.1  Fuel  Swtw  Design  Pressure  -  The  engine  fuel  system  shall 
be  designed  to  withstand  a  maximum  fuel  pressure  of  125  psig  applied  at 
the  engine  islet  connection  with  the  engine  shutdown. 

15.3  Fuel  lecircttlatioo  -  The  engine  will  provide  a  connection  for  the 
recirculation  of  fuel  to  the  aircraft  tanks.  The  location  and  details  of 
this  connection  shall  be  defined  on  the  Installation  Drawir^.  During 
operation  where  recirculation  is  not  required,  a  continuous  flow  of  500 
pph  nay  be  allowed  for  recirculation  to  prevent  stagnation  in  the  aircraft 
system.  The  pressure,  flow,  and  temperature  requirements  at  the  engine 
fuel  recirculation  connection  are  shown  oc  the  Installation  Drawing. 

15.4  Fuel  Cleanliness  -  Fuel  delivered  to  the  engine  must  meet 
the  requirements  of  2.2.1  and  be  free  of  all  solid  contamination  larger 
than  that  which  will  pass  through  a  200-mesh  screen  and  be  essentially 
free  of  solid  contamination  of  a  smaller  size. 

15.4.1  Fuel  Contamination  -  The  use  of  fuel  contaminated  to  the 
extent  of  8  grams  of  foreign  matter  per  1000  gallons  shall  not  inhibit 
satisfactory  engine  running  for  a  sin Imun  of  10  hours.  This  foreign  matter 
shall  be  considered  to  consist  of  not  less  than  6&Z  S102  and  shall 

have  a  particle  size  analysis  as  follows: 


Particle  Size,  Microns 

Percent  of  Total  by  Height 

0  - 

5 

39 

♦ 

2 

5  - 

10 

18 

+ 

3 

10  - 

20 

16 

+ 

3 

20  - 

40 

18 

♦ 

3 

Over 

40 

9 

+ 

3 

Through  a 

200-mesh  screen 

100 

15.4.2  Fuel  Filters  -  The  fuel  filters  shall  be  provided  with  the 
engine.  Each  shall  be  of  sufficient  capacity  to  permit  a  cumulative  fuel 
flow  equivalent  to  a  ainimum  of  10  hours  of  continuous  engine  operation 
at  maximum  nonaugmented  sea  level  thrust.  This  time  is  based  on  fuel 
contaminated  as  specified  in  15.4.1  where  the  contaminated  fuel  has  first 
passed  through  a  200-mesh  screen  prior  to  entering  the  fuel  system. 

15.5  Fuel  Leakage  -  There  shall  be  oo  leakage  f roc  any  part  of  the 
engine  except  at  the  drains  provided  for  this  purpose.  The  combined  liquid 
leakage  from  the  overboard  fuel  drains  shall  not  exceed  100  cubic  centi¬ 
meters  per  minute  during  engine  steady  operation. 

15.6  Combustible  Fluid  Drains  -  Provisions  shall  be  made  for  auto¬ 
matically  clearing  the  combustion  areas  of  combustible  fluids  after  each 
false  start  and  for  preventing  excess  combustible  fluids  from  entering 
the  combustion  areas  after  shutdown  with  the  engine  in  a  level  position, 

15  degrees  nose  up,  and  20  degrees  nose  down.  Provisions  shall  also  be 
sade  for  clearing  ail  vent  areas  and  other  pockets  or  compartments  where 
combustible  fluids  say  collect  during  or  subsequent  to  operation  of  the 
eng ine . 
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15.7  Fuel  Plcwgeter  -  The  provision  for  installation  of  fuel  flcvseters 
is  noted  on  the  Installation  Drawing. 

15.8  Fuel  Flow  Limits  -  The  maximum  fuel  flcv  shall  be  120,000 
pph  at  naxisux  rating  and  takeoff  operating  conditions.  The  minimum 
fuel  flcv  limit  shall  fee  1200  pph  at  idle  rating  and  cruise  operating 
conditions. 

16.0  EXCISE  CONTROL  SYSTEM  -  The  fuel  and  exhaust  nozzle  control 
incorporates  the  gas  generator  and  duct  beater  controls  in  a  unitized 
assembly.  The  unitized  control  has  dual  input  levers.  The  pwer  lever 
controls  engine  thrust,  speed,  and  turbine  inlet  temperature  from  Full 
Reverse  to  Idle  to  Xaxin&m  Augmentation.  The  shutoff  lever  provides 
for  engine  shutdown  and  starting  by  closing  or  opening  the  fuel  shutoff 
valve.  Fuel  is  metered  to  the  gas  generator  to  set  the  desired  thrust 
as  a  function  of  power  lever  position,  high  compressor  rotor  speed, 
burner  pressure  and  engine  inlet  temperature.  Fuel  is  netered  to  the 
duct  heater  to  set  the  desired  thrust  augmentation  as  a  function  of 
power  lever  position,  burner  pressure,  and  engine  inlet  temperature. 

The  duct  heater  exhaust  nozzle  area  is  positioned  to  control  total  engine 
airflow  over  part  of  the  engine  operating  range  as  shewn  on  curve  Xo. 

S-82,  sheet  4.  Remote  manual  power  and  airflow  setting  is  provided 
to  allow  vernier  adjustment.  If  engine  speed  exceeds  a  specified  value, 
the  gas  generator  fuel  control  automatically  reduces  fuel  flow  to  prevent 
turbine  overtemperature  and  damaging  engine  rotor  speeds.  Low  rotor 
overspeed  is  limited  by  automatic  derichment  of  gas  generator  fuel  flow. 

The  control  system  also  provides  reverser  interlocks  to:  (1)  prevent 
engine  power  requests  not  consistent  with  the  reverser  position;  and 
(2)  return  the  engine  power  to  idle  if  the  reverser  inadvertently  moves 
from  the  requested  position. 

The  control  system  also  provides  the  following  auxiliary  functions: 

a.  Positions  the  compressor  stator  vanes. 

b.  Positions  the  compressor  bleeds. 

c.  Positions  the  reverser— suppressor. 

d.  Provides  fuel  shutoff. 

e.  Provides  duct  heater  ignition. 

The  engine-driven  gas  generator  fuel  pump  incorporates  a  centrifugal 
boost  stage  and  a  gear  stage.  A  pressure  relief  valve  is  incorporated 
to  bypass  the  boost  stage  in  the  event  of  pump  drive  malfunction,  and 
a  pressure  relief  valve  is  included  from  gear  stage  discharge  to  gear 
stage  inlet  to  prevent  fuel  system  overpressurization.  The  duct  heater 
fuel  pump  is  a  centrifugal  punp  driven  by  a  turbine  driven  by  a  high 
compressor  discharge  air,  which  is  modulated  by  a  pump  controller  in 
response  to  servo  pressure  signals  frost  the  unitized  control.  The  turbine 
exhaust  air  passes  through  &  vortex  venturi  which  aerodynamically  limits 
pusp  overspeed.  The  engine-driven  hydraulic  pus?  is  a  variable  flow, 
constant  pressure,  pistcn-t*.*?e  pun?. 
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16.1  Control  Levers  -  A  single  power  lever  shell  be  provided 
on  the  engine  to  modulate  thrust,  the  power  lever  shell  have  a  total 
travel  and  dwell  bands  as  shown  on  curve  So.  S-82,  sheet  25.  A  separate 
lever  with  a  total  travel  as  shown  on  the  Installation  Drawing  shall 

be  provided  for  fuel  shutoff  and  aerodynamic  brake  operation.  There 
shall  be  stops  and  indexing  provisions  for  the  power  lever  and  the 
shutoff  lever  as  shown  on  the  Installation  Drawing. 

16.1.1  Thrust  and  Power  Lever  Position  Relationship  -  The  design 
relationship  between  thrust  and  power  lever  position  shall  be  of  the 
fully  nodulated  type,  free  of  abrupt  changes,  and  essentially  linear 
(except  when  the  bleed  valve  operates),  with  an  instantaneous  thrust 
increase  of  not  acre  than  4%  when  augmentation  is  initiated  or  terminated. 
The  design  relationship  between  reverse  thrust  and  reverse  thrust  power 
lever  position  shall  be  free  of  abrupt  changes  and  essentially  linear. 

16.1.2  Control  Lever  Torque  -  The  torque  required  for  advancing 
or  retarding  the  control  levers  shall  not  exceed  20  pound-inches  with 
the  engine  operating  at  idle  or  above.  Below  idle,  the  torque  required 
for  advancing  or  retarding  the  control  levers  shall  not  exceed  50  pound- 
inches.  The  reverser  interlock  mechanls*  shall  be  capable  of  applying 

300  pound- inches  to  the  power  lever,  including  control  torque  requirements, 
when  returning  it  to  the  idle  position. 

16.2  Mechanical  Connections  -  The  maximum  loads  that  nay  be  applied 
to  any  control  system  mechanical  connection  are  as  shown  on  the  Installa¬ 
tion  Drawing. 

16.3  Control  System  Adjustment  -  External  control  system  adjustments 
shall  be  clearly  marked,  accessible,  and  adjustable  with  the  engine 
running.  All  otber  adjustments  shall  be  protected  to  discourage  tampering. 
The  adjustments  shall  include  the  following. 

16.3.1  Idle  Speed  -  The  idle  speed  shall  be  adjustable  within 
a  range  of  at  !e*st_+51  of  the  specified  idle  value  with  reference 
to  the  engine  operating  characteristics  on  the  ground. 

16.3.2  Duct  Heater  Fuel  Flow  -  The  maximum  duct  heater  fuel  flow 
shall  be  adjustable  within  a  range  of  +  5X  with  reference  to  the  engine 
operating  characteristics  on  the  ground. 

16.3.3  Airflow  -  Remote  adjustment  of  airflow  for  optimum  engine 
inlet  matching  is  provided. 

16.3.4  Gas  Generator  Pressure  Ratio  -  Remote  adjustment  of  engine 
pressure  ratio  is  provided  to  allow  close  setting  of  engine  power  in 
the  duct  heater  regime. 
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16.4  Environmental  Temperatures  -  The  engine  c Deponents  shall  operate 
satisfactorily  under  the  environmental  temperatures  anticipated  at  the 
fol loving  conditions: 

a.  Continuous  operation  vith  surrounding  air  at  the  naxiaua  ram 
temperature  of  575aF  (301.7*0  and  a  velocity  of  10  to 

200  feet  per  second. 

b.  In-flight  shutdown  free  the  most  adverse  conditions  and  con¬ 
tinued  soaking  vith  surrounding  air  at  the  maximum  ran 
temperature  of  375*F  (301. 7*0  and  a  velocity  of  10  to 

200  feet  per  second  provided  fuel  recirculation  1$  main¬ 
tained. 

c.  Ground  shutdown  vith  surrounding  air  at  the  standard  hot 
day  conditions. 

17.0  IGX1TI0K  SYSTEM  -  The  ignition  systes  consists  of  2  fuel-cooled, 
hermetically  sealed  exciter  packages  each  containing  2  independent  exciter 
circuits  for  1  gas  generator  igniter  and  1  duct  heater  igniter.  The  igni¬ 
tion  systes  is  a  capacitor  discharge,  4  joule  per  spark  at  3  kilovolts 
(vith  boost  capability),  intermittent  duty,  alternating  current  powered 
systes. 

17.1  Ignition  System  Performance  -  The  engine  start  ignition  systes 
shall  be  capable  of  releasing  sufficient  energy  for  all  ground  and  air 
starting  requirements.  The  gas  generator  circuit  shall  supply  a  minis** 
of  1  spark  per  second  and  the  duct  heater  a  minim*  of  5  sparks  per  second 
at  the  ainimus  voltage  specified  herein.  The  gas  generator  ignition  system 
shall  be  capable  of  discretionary  continuous  operation. 

17.2  Ignition  System  Power  Source  -  The  siniauc  power  source  and  the 
maxim*  input  to  each  exciter  circuit  shall  be  as  specified  cm  the  Installa¬ 
tion  Drawing. 

18.0  ELECTRICAL  SYSTEM 

15.1  Electrical  Power  -  The  effects  of  loss  of  electrical  power  to 
engine  ignition  or  any  additional  equipment  requiring  external  pever, 
causing  the  equipment  to  be  inoperative,  shall  not  cause  unsafe  engine 
operation  at  any  speed  at  or  above  idle  throughout  the  complete  thrust 
range  except  for  potential  effects  of  an  inoperative  ignition.  Electrical 
equipment  shall  operate  vith  power  defined  in  2.1.8. 

15. 1.1  External  Electrical  Power  -  External  electrical  power  require¬ 
ments  shall  be  as  specified  on  the  Installation  Drawing. 

18.2  Electrical  and  Electronic  Interference  -  Electrical  and  electronic 
components  shall  not  cause  interference  beyond  the  Units  specified  in 
2.1.9,  figures  2  through  5.  These  components  shall  not  be  susceptible  to 
interference  generated  by  other  electrical  and  electronic  sources  within 
the  Units  specified  in  table  IV. 
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Tabic  IT.  Electrical  an d  Electronic  Interference 


Antenna 

Frequency  Range 

Voltage 

Conducted  interference 

— 

(rf)  0.15  to  1,000  mc(i) 

0.1 

(3) 

(af)  50  to  15,000  cps(2) 

3.0 

Radiated  inteference  (4) 

41  inch  rod 

0.10  to  25  me 

0.1 

(3) 

33  me  dipole 

25  to  35  me 

0.1 

13) 

tuned  dipole 

35  to  1,000  me 

0.1 

(3) 

(1)  Applicable  ody  to  ungrounded  line  voltage  power  input  points. 

(2)  Applicable  only  to  ungrounded  dc  line  voltage  power  input  points. 

(3)  Modulated  30Z  at  400  to  1,000  cycles  or  any  special  Com  of 
■adulation  to  which  the  equipment  is  vulnerable. 

(4)  Antenna  placed  1  foot  fro*  electrical  or  electronic  components. 

18.2.1  Short  Duration  Interference  -  Short  duration  transients  and 
iapulse  interferences  are  not  to  be  considered  as  interference  if  their 
duration  is  less  than  3  seconds  and  infrequent. 

18.3  I sn it ion  Expicsion-Froof  -  All  electrical  co*pcnents  shall  be 
ignition  explosion-proof  in  order  not  to  ignite  any  explosive  mixture 
Sb. rounding  the  equipment. 

18.4  Connectors  and  Cable  -  At  a  teaperature  of  -40*F  (-40*0,  it 
shall  be  possible  to  connect  or  disconnect  electrical  connectors  and  to 
flex  electrical  conductors,  as  necessary  for  routine  maintenance,  without 
damage  to  these  items. 

19.0  LIMITING  20KE  TEMPERATURES  -  Airframe  engine  nacelle  design  shall 
be  such  that  engine  case  temperatures  shall  not  exceed  those  specified  on 
curve  So.  S-82,  sheet  26.  The  engine  shall  not  require  blast  air  cooling 
of  the  nacelle  area.  All  components  within  this  zone  shall,  by  basic 
design,  be  suitable  for  operation  (ground  shutdown,  flight  shutdown,  and 
all  flight  conditions)  without  added  ram  cooling,  but  with  normal  nacelle 
leakage  unless  >jcal  temperatures  due  to  external  heat  sources,  other  than 
from  the  engine  and  its  components,  exceed  the  limits  in  16.4. 

20.0  STARTING  -  The  fuel  flow  required  for  engine  lightoff  and  accelera¬ 
tion  to  idle  shall  be  automatically  controlled  when  the  fuel  control  shutoff 
lever  is  placed  in  the  starting  position  with  the  power  lever  in  the  idle 
position.  Automatic  actuation  of  the  starter  or  ignition  system  will  not 
be  provided.  Appropriate  starting  torque  shall  be  provided  by  a  suitable 
airframe  mounted  starter  through  the  power  takeoff  drive  to  the  high  speed 
rotor  (J^).  The  in-flight  and  ground  starting  requirements  are  as  follows. 

20.1  In-flixht  Starting  -  Starter  assistance  is  not  required  to  satis¬ 
factorily  start  the  engine  within  the  flight  conditions  shown  on  curve 

No.  S-82,  sheets  2  and  3  provided: 

a.  That  the  fuel  temrerature  requi resents  of  13.1  are  met. 

b.  That  the  fuel  pressure  requi rescents  of  13.2  are  net. 
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c.  That  the  electrical  power  requirements  of  1S.0  for  starting 
are  ret. 

d.  That  there  is  no  compressor  air  bleed  or  power  extraction 
other  than  that  requires  for  continuous  engine  operation, 

in—:' light  starting  say  be  obtained  at  raa  pressure  ratios  below  the  mini¬ 
mum  ran  pressure  ratio  line  on  the  vindailiing  restart  envelope  by  using 
engine  Harter  assistance  whenever  the  starter  arrangement  permits. 

20. 1  Ground  Starting  -  The  engine  shall  start  satisfactorily  within 
to€»  seconds  front  fuel  system  pressurization  in  the  sea  level  ambient 
temperature  range  from  -40*  to  1C3*F  (-40s  to  39.4*C)  provided: 

a.  That  the  starting  torque  requirements  shown  on  curve 
Xo.  S-S2,  sheet  20  are  net. 

b.  That  the  fuel  temperature  requirements  of  13.1  are  met. 

c.  That  the  fuel  pressure  requirements  of  13.2  are  met. 

d.  That  the  electrical  power  requirements  of  18.0  for 
starting  are  met. 

e.  The  engine  inlet  air  total  pressure  divided  by  ambient 
pressure  is  not  less  than  0.99. 

f.  That  the  oil  temperature  requirements  of  14.3  are  aet. 

20.2.1  Unsatisfactory  Start  -  After  an  unsatisfactory  start  the 
engine  must  be  cleared  of  residual  fuel  by  motoring  the  engine  for  a  period 
of  30  seconds  with  fuel  and  ignition  off.  The  restart  can  be  attempted 
incTfeciately  after  clearing  the  engine. 

21.0  SHLTDCitK  -  tonal  engine  shutdown  shall  be  accomplished  by  placing 
the  power  lever  in  the  idle  position  and  placing  the  shutoff  lever  in  the 
"Fuel  Off"  position.  Emergency  engine  shutdown  shall  be  accomplished  by 
placing  the  shutoff  lever  in  the  "Fuel  Off"  position  with  the  power  lever 
in  any  position.  Shutdown  of  the  duct  heater  shall  be  accomplished  by 
placing  the  power  lever  in  any  position  other  than  in  the  thrust  augmenta¬ 
tion  range. 

22.0  WiXPKILL  OPTRA! IQS 

21.1  Uindmilling  Performance  -  Estimated  steady-state  windnilling 
engine  performance  is  defined  by  curve  So.  S-82,  sheets  b  through  19  and 
the  following  equation: 


where: 


nr 


r  * 
nr 


*  -  (I  +  W  )  F 

gr  sc  r 


net  thrust  including  reverse r-suppressor  effects 


r  = 
Sr 


gtoss  thrust  obtained  from  curve  So.  S-82, 
sheets  12  or  13  and  l  , 

t2 
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“#c*  *  ratio  of  secondary  airflow  to  engine  airflow 
*  ram  drag  of  engine  airflow 

4£2  *  compressor  inlet  face  average  total  pressure  in 

psia  divided  by  14.?  psia. 

♦Temperature  corrected  secondary  flow  ratio  is  the  same  as 
physical  secondary  flow  ratio  during  s' rady  state  wind¬ 
milling  conditions  since  engine  gas  stress  temperature  is 
equal  to  secondary  air  temperature. 

Necessary  corrections  must  be  applied  during  the  performance  calculation 
procedure  to  reflect  the  effects  of  customer  air  bleed  and/or  power  extrac¬ 
tion.  The  reverser-suppressor  secondary  flow  ratio  shall  be  determined 
from  known  characteristics  of  the  nacelle  secondary  system  to  obtain  the 
net  windmilling  thrust. 

Open  completion  of  a  calculation  where  customer  power  extraction  is  speci¬ 
fied,  the  validity  of  the  calculation  must  be  checked  by  determining  if 
the  customer  power  extraction  specified  plus  the  engine  accessory  load 
and  high  rotor  friction  is  within  the  limits  indicated  by  curve  Jio.  S-82 , 
sheet  16.  This  check  may  become  iterative  and  affect  earlier  calculations. 
Should  this  result,  the  customer  power  extraction  must  be  reduced  and  the 
calculation  repeated  until  the  limits  shown  on  curve  So.  S-82,  sheet  16, 
are  observed. 

23.0  REVERSE  THRUST  -  The  engine  shall  be  capable  of  maximum  reverse 
thrust  operation  within  the  envelope  shown  on  curve  So.  S-82,  sheet  27. 

The  uninstalled  estimated  maximum  reverse  thrust  is  shown  on  curve  So.  S-82, 
sheet  28  for  standard  day  operation  and  on  curve  So.  S-82,  sheet  29  for 
hot  day  operation  when  reingestion  of  exhaust  gas  is  not  experienced. 

This  thrust  is  also  based  on  a  reverse  effective  flow  area  and  a  mean  gas 
discharge  angle  with  the  exhaust  nozzle  centerline  as  specified  in  6.1. 

The  reverser  is  capable  of  maxiaun  reverse  operation  within  the  reverser 
operating  envelope  for  Che  time  period  specified  in  6.1.1.  However, 
continuous  reverser  operation  at  idle  on  the  ground  is  allowable. 

24.°  EXCISE  .NOISE  LEVELS 

24.1  Xoise  Levels  -  The  noise  levels  generated  by  the  engine  aft  of  the 
engine  exhaust  plane  and  measured  along  the  arc  as  shown  on  figure  2  shall 
not  exceed  the  values  shorn  in  table  V.  Additional  noise  measurements 
will  be  recorded  along  the  same  arc  of  300  feet  radius  at  angles  greater 
than  135  degrees.  Soise  levels  measured  at  angles  greater  than  135  degrees 
shall  not  exceed  the  noise  levels  measured  within  the  90  degree  to  135  degree 
measurement  arc  on  figure  2  when  all  measurement s  are  corrected  to  a  line 
300  feet  from  and  parallel  to  the  engine  centerline.  These  noise  levels 
shall  be  obtained  during  operation  under  the  following  conditions: 

a.  Static  operation  on  an  outdoor  test  stand. 

b.  P6VA  bellmouth  inlet. 

c.  Production  engine  or  an  accuscically  similar  engine. 

d.  Axis  of  reverser-suppressor  parallel  to  ground. 


Tabic  V.  Eotiac  Xoise  Level* 


ftaBtWNtneyPU»craft 

Spec  if icac ioc  So.  2696A 


Set  Thrust,  lb 


Soise  Level ,  PSdb 


Haxirua  augmented 
28,500  noeaugmented 
28,500  aogMatcd 
22,400 


141 

126 

124 

118 


24.2  SoUe  Suppression  -  The  noise  levels  thorn  in  table  V  include 
suppression  of  fan  and  jet  noise  based  an  experimental  data.  Exhaust  noise 
is  suppressed  by  4  PSdb  at  the  anxious  augmented  condition.  For  the  28,500 
pound  thrust  level,  the  exhaust  noise  is  suppressed  3  PSdb  and  the  fan  blade 
passing  noise  is  suppressed  6  db  per  octave  band.  Exhaust  noise  is 
suppressed  3  PSdb  and  fan  blade  passing  noise  is  suppressed  15  db  per 
octave  band  for  the  22,400  pound  thrust  level. 


24.3  Optional  teduced  Easing  Rotor  Speed  Mode  for  Cc— inlty  Xoise 
Abatement  -  Optional  operation  with  the  duct  heater  lit  at  interned late 
throat  levels,  such  as  those  associated  vith  the  cutback  after  takeoff 
for  community  noise  abatement,  will  result  in  reduced  PSdb  levels.  This 
■ode  provides  a  reduction  of  fan  rpn  at  constant  throat.  At  a  thrust 
level  of  approximately  20,000  pounds  the  reduction  in  fan  rpn  permits 
improved  fan  frequency/ resonator  notching  which  can  be  expected  to  result 
in  fan  blade  passing  noise  attentuation  of  approxiaately  13  db  per 
octave  band.  Dependent  upon  the  flight  condition  and  engine  thrust  setting, 
this  node  of  operation  will  provide  a  further  noise  reduction  of  as  such 
as  5  PSdb.  The  corresponding  sea  level  static  test  stand  demonstration 
of  this  mode  of  operation  is  shown  in  table  V. 


24.4  Sound  Calculations  -  Measured  octave  band  sound  pressure  levels 
will  be  converted  to  perceived  noise  values  using  the  method  prescribed 
in  2.2.4.  All  noise  dsts  will  be  normalized  to  59*F  (15*C)  and  70S  rela¬ 
tive  humidity  using  the  method  prescribed  in  2.2.5.  At  least  6  test  runs 
shall  be  made  at  each  condition  and  the  results  averaged  for  demonstration 
purposes.  If  limitations  during  static  test  prevent  the  recording  of 
noise  at  the  conditions  specified  in  section  24.0,  the  measurements  will 
be  taken  at  a  suitable  point  and  corrected  to  the  specified  distances. 
Correction  of  measured  sound  pressure  levels  to  desired  distances  will  be 
performed  using  the  method  prescribed  in  2.2.6. 

25.0  IXSTRUHEXTAXIOK  -  The  following  shall  be  provided  vith  the  engine 
with  connection  provisions  as  shown  on  the  Installation  Drawing. 

a.  Turbine  exit  pressure  probes  and  averaging  manifold. 

b.  Instrumentation  for  providing  an  electrical  representation 
of  average  and  individual  probe  exhaust  gas  ceaperature. 

c.  Duct  nozzle  position  indication. 

d.  Reverser  position  indication. 

e.  Aerodynamic  brake  indication. 

f.  Ignition  "On”  indication. 

g.  Low  rotor  speed  indication  (electrical  counter  type). 
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25.1  Provisions  -  Previsiens  for  the  following  instrume n ration  shall 
he  as  shown  on  the  Installation  Drawing: 


a. 

b. 

c. 

d. 

e. 

f. 

*• 

h. 

i. 

J. 

k. 

l. 


High  rotor  speed  tachometer. 

Oil-in  temperature. 

Oil  pressure. 

Pressure  drop  across  oil  strainer, 
fill  level. 

Chip  detectors  (oil). 

Primary  gas  generator  fuel  flowmeter. 
Duct  heater  fuel  floumeter. 

Fuel  inlet  teaperature. 

Fuel  pump  inlet  pressure. 

Pressure  drop  across  fuel  filter. 
Vibration  pickup  mounting  brackets  (2). 


25.2  Special  Instrumentation  Installation  -  Installation  of  all  special 
engine  instrumentation  must  be  coordinated  with  and  approved  by  PIKA. 

26.0  TU1BIXE  COQLESG  SYSTEM  -  The  engine  incorporates  a  self-contained 
and  self-regulating  turbine  cooling  system. 

26.1  Turbine  Teamerature  Measurement  System  -  The  engine  shall  be 
equipped  with  thermocouples  for  use  in  conjunction  with  the  airframe  tem¬ 
perature  Indicating  system.  The  thermocouples  shall  permit  consistent 
measurement  of  exhaust  gas  tenperature.  The  system  design  shall  be  such 
that  it  is  possible  to  service  check  individual  teamerature  probes  for 
continuity. 


27.°  CUSTOMER  REXXJIKPCXTS 

27.1  Drive  Power  Extractions  -  The  maximal  allowable  continuous  horse¬ 
power  extractions  and  overload  horsepower  extractions  at  the  power  takeoff 
pads  for  all  operating  conditions  as  a  function  of  high  pressure  compressor 
rotor  speed  are  as  specified  in  the  form  of  torques  and  speed  ratios  on 

the  Installation  Drawing. 

27.1.1  Dynamic  Load ins  -  The  dynamic  loading  limits  of  the  drive  pads 
are  specified  on  the  Installation  Drawing. 

27.1.2  Speeds  of  Power  Takeoff  Shafts  -  Speed  ratios  of  power  takeoff 
shafts  are  specified  on  the  Installation  Drawing. 

27.1.3  Shear  Section  -  The  shear  section  requirements  are  specified 
on  the  Installation  Drawing. 

27.1.4  Loads  on  Mounting  Pads  and  Power  Takeoff  (PIO)  Shafts  -  The 
limiting  loads  on  the  mounting  pads  and  PTO  shafts  are  specified  on  the 
Installation  Drawing. 
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27.1.3  Environmental  Control  System  (ECS)  Conprcssor  Oil  Cooling  - 
Fuel  may  be  provided  by  the  engine  gas  generator  fuel  puap  interstage  for 
airframe  ECS  compressor  oil  cooling.  This  fuel  shall  be  returned  to  the 
fuel  systea  ups t reas  of  the  engine  inlet  fuel  temperature  measurement 
provision.  The  following  limitations  shall  apply: 

a.  ECS  cooling  fuel  flow  shall  not  exceed  1500  pph  over  a 
35  to  160  psi  pressure  drop  range. 

b.  ECS  cooling  fuel  temperature  shall  not  exceed  350*F  (17$.7*C) 
in  any  part  of  the  cooling  systea. 

c.  Engine  fuel  inlet  Units  shall  not  be  affected  by  these 
provisions. 

27.2  Conpressor  Bleed  Air 

27.2.1  Quality  -  The  engine  shall  be  so  designed  that  it  will  not 
contribute  to  the  contamination  of  air  discharging  into  the  cabin  air 
system.  Provided  that  the  air  entering  the  engine  is  free  of  contamination, 
die  air  at  the  discharge  ports  shall  contain  not  more  than  the  following 
amounts  of  the  listed  contaminants : 


Substances 


Parts  par  Million  (Volume) 


a. 

Aldehydes 

1.0 

b. 

Carbon  Monoxide 

50.0 

c. 

Carbon  Dioxide 

5000.0 

d. 

Ozone 

0.1 

e. 

Oxides  of  Nitrogen 

5.0 

f. 

Hydrogen  Peroxide 

1.0 

The  air  shall  not  contain  a  total  of  more  than  5  milligrams  per  cubic 
meter  of  subaicron  particles.  Dirt  or  other  foreign  particle  concentra¬ 
tion  in  the  bleed  air  after  expansion  to  atmospheric  pressure  shall  not 
exceed  that  of  the  air  at  the  engine  inlet  on  a  per  unit  volume  basis. 

If  a  demonstration  is  required  P&V’A  will  demonstrate  on  a  normally  func¬ 
tioning  engine  on  a  PiVA  plant  test  stand  that  the  above  requirements  are 
met  within  the  accuracy  of  the  testing  technique  available  to  PIVA  at  the 
time  of  the  demonstration.  However,  it  must  be  recognized  that  there  may 
be  occasional  instances  in  service  operation  when  the  bleed  air  is 
contaminated. 

27.2.1.1  Seals  and  Oil  Lines  -  Accessory  seals,  bearing  seals,  and 
oil  lines  shall  be  designed  so  that  a  single  failure  (except  for  engine 
bearing  failure)  can  not  result  in  bleed  air  contamination.  P4VA  shall 
submit  a  failure  analysis  to  the  airframe  manufacturer  to  demonstrate  how 
the  design  meets  this  requirement. 

27.2.2  Quantity  -  The  engine  shall  provide  for  high  pressure  cospressor 
air  extraction,  for  aircraft  use,  as  indicated: 

a.  Vithin  the  operating  envelope  of  the  engine,  high  compressor 
air  will  be  available  in  quantities  not  to  exceed  5X  of  gas 
generator  airflow  iron  idle  to  a  thrust  corresponding  to 
a  turbine  exhaust  gas  temperature  80eF  (■ii.i'C)  less  than  that 
corresponding  to  maximum  cruise. 
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c.  Ail  accessory  drive  and  vibration  or  friction  daupener 
sprint*. 

d.  Starter  jaw. 

e.  All  gears. 

f .  All  quill  and  accessory  drive  shafts. 

30.1.2  Fluorescent  Penetrant  Tasrsction  ~  The  following  parts,  if  node 
of  nosMgnetic  ast crisis,  shall  be  subject  to  fluorescent  peaetrsut  inspec¬ 
tion  in  accordance  with  PCKA  established  procedures: 

a.  All  parts  of  the  coupreesor- turbine  rotor  assaably,  Including 
threaded  fastenings  except  those  parts  on  which  anodic 
Inspection  is  used. 

b.  Turbine  oosale  vanes  and  safe lies. 

c.  All  other  highly  stressed  parts. 

Very  bulky  and  intricately  duped  parts  any  be  hydrostatically  tested  by  the 
P4HA  approved  aetfaod  in  lien  of  flnoreacant  testing.  Badiographlc  inspection 
nay  be  substituted  for  fluorescent  penetrant  inspection  of  fusion  welds. 

30.1.3  Excepted  Parts  -  Low  stressed  parts,  sods  as  cotter  pins,  washers, 
etc.,  are  not  required  to  be  inspected  by  the  nagnetic  or  fluorescent 
methods. 


30.1.4  Kadionrashic  or  Ultrasonic  Inspection  -  The  following  shall  be 
subject  to  radiographic  or  ultrasonic  inspection: 

a.  The  conpressor  rotors,  if  nsnoagnetlc. 

b.  The  turbine  rotors,  if  ocuoagnetlc. 

c.  Highly  stressed  noonagnetlc  castings. 

30.1.4.1  bdlotwhlc  Inspection  -  Badiographlc  inspection  of  nnterials 
shall  be  in  accordance  with  PUIA  established  procedures.  Laboratories  per¬ 
forming  radiographic  inspection  dull  be  certified  in  accordance  with  PIMA 
requireaents. 


30.1.5  Certification  of  Operators  -  All  fusion  welding  shall  be  per- 
foraed  by  operators  who  are  certified  in  accordance  with  PIKA  established 
procedures. 

31.0  PBEPA1AXI0K  FOB  DELIVEKT 

31.1  Preparation  for  Storage  and  Shionant  -  The  engine,  coaponents, 
and  accessories  dull  be  prepared  for  storage  and  shipaest  in  accordance 
with  P4U/4  established  procedures.  P4HA  shall  furnish  a  packing  list  with 
each  engine.  All  parts,  accessories,  components,  and  tools  which  are  not 
installed  on  the  engine,  but  which  are  shipped  with  the  engine,  shall  be 
included  on  the  packing  list.  P4UA  shall  furnish  with  each  engine  the 
Acceptance  Bun  Log  with  all  performance  data. 
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APPET-DIX  A 


l.°  SCOPE 

1.1  Scope  •  This  appendix  establishes  the  requirements  for  tie 
Flight  Test  Status  (FTS)  engines  to  be  delivered  under  Phase  III  of 

the  Supersonic  Transport  Program.  The  engines  vill  be  in  general  accordance 
viih  the  requirements  of  Model  Specification  No.  2698A  except  as  nodified 
in  this  appendix. 

3.1.1  Dimension  and  Tistallation  Drawing  -  Change  the  Engine 
Installation  Drawing  So.  to  2130201. 

Add  the  following  paragraph: 

”3.2.2  Dry  Weight  of  Entice  -  The  dry  veigjht  of  the  FTS  engine 
shall  be  within  31  of  the  total  dry  weight  specified  in  3.2.M 

6.1  Performance  Ratings  -  Add  the  following  sentences:  "The 
specified  engine  thrusts  and  thrust  specific  fuel  consumptions  (TSPC) 
for  the  FTS  engine  shall  be  as  specified  in  table  l.  table  II,  end 
table  IIA  within  32  and  32,  respectively.  If  the  thrust  is  less  than 

the  production  rating,  provisions  shall  be  sade  for  limited  time  operation 
at  production  thrust  levels  to  accomplish  Phase  III  airplane  performance 
demonstration." 

24.0  EXCISE  30ISE  LEVELS  -  Add  the  following  sentence:  "The 
specified  noise  values  dull  be  objectives  for  the  Phase  III  program." 

28.0  EXCISE  TTPE  CERTIFICATIOK  TEST  -  Replace  28.0  with  the  following 
paragraphs : 

28.0  "ESCIXE  FLIGHT  TEST  STATUS  -  Engine  Flight  Test  Status  shall 
be  accomplished  by  satisfactory  completion  of  sea  level  and  altitude 
tests  in  accordance  with  28.2.2.2.2.1  through  28. 2. 2. 2. 2. A. 

28.1  Test  Approval  -  The  engine  dull  be  considered  to  have  satis¬ 
factorily  completed  these  tests  if,  at  the  completion  of  the  engine 
recalibration  specified  in  28.2.2.2.3.1  it  is  within  the  specified 
limits  and  the  engine  is  still  in  operational  condition  as  substantiated 
by  conducting  a  final  acceptance  test  run  in  accordance  with  the  schedule 
specified  in  29.0. 

28.1.1  Reports 

28.1.1.1  Test  Reports  -  Following  completion  of  each  separate 
engine  cr  component  test,  or  consecutive  group  of  tests  conducted  on 
any  single  test  assembly  or  components,  a  report  shall  be  submitted. 
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28.1.1.1.1  Preparation  -  These  reports  shall  contain  essentially 
the  following  Itasca: 

a.  Cover  (Title  of  reports  oosber  of  the  reports  source  of 
report,  date,  nase(s)  of  the  aathor(s)  and  contract  number) . 

b.  Title  pegs  (Title  of  report,  noaber  of  the  report,  source 
of  the  report,  date,  nae(s)  of  the  author (s) ,  and  contract 
naaber). 

c.  Abstract  (A  brief  statement  of  the  contents  of  the  report,  in¬ 
cluding  the  objective) . 

d.  Table  of  contents. 

e.  List  of  illustrations  (Provide  figure  nuebers  and  captions  of 
all  illustrations.  Photographs,  charts,  and  graphs  should  ha 
treated  as  illustrations  and  given  figure  nuebers.  When  used  in 
a  separate  series,  tables  should  be  given  Roman  minerals. 

Ft— pies:  figure  1,  figure  2,  etc.;  table  I,  table  II,  etc.. 

f.  Sanaary  (A  brief  reeune  of  the  test  conducted  Including 
objectives,  procedures,  results,  conclusions,  and  rec— endationa) . 

g.  Body  of  tba  report. 

1.  Brief  general  description  of  the  engine  or  of  the  ceaponent(s) 
and  a  detailed  description  of  all  features  which  differ  fro* 
the  previous  aodel,  if  applicable. 

2.  If  approval  la  being  requested,  without  test,  based  on 
similarity  to  a  coaponent  or  asseably  for  which  previous 
test  approval  was  obtained,  any  physical  or  functional 
dissimilarities  or  differences  in  testing  requirements 
with  respect  to  the  test  couponent  end  reference  to 

the  approved  conponent  test  report  shall  be  included. 

3.  Method  of  test  (general  description  of  test  facility, 
equipment  and  methods  used  in  contacting  the  test). 

4.  Record  of  test  (chronological  history  of  all  events  In 
connection  with  all  of  the  testing). 

5.  Analysis  of  results  (a  complete  discussion  of  all  phases 
of  the  test,  such  as  probable  reasons  for  failure  and 
unusual  wear,  comparison  in  performance  with  previous 
models,  and  analysis  of  general  operation). 

6.  Calibration  and  recallbratloo  data  including  acceptance 
limits  (data  in  both  uncorrected  and  corrected  form,  if 
applicable,  shall  be  shown  by  suitable  curves). 

7.  Tabulated  data  of  all  pertinent  instrument  readings  sad 
all  required  instnaoent  readings  takes  during  the  test. 
Extraneous  readings,  which  PiUA  may  desire  to  take  during 
the  test,  need  not  be  reported. 

8.  Description  of  the  condition  of  the  engine  or  components 
at  disassembly  inspection. 

9.  Conclusions  and  recommendations. 

28.1.1.1.2  S— her  and  Distribution  of  Copies  -  Five  copies  of  the 
report  shall  be  forwarded  to  the  Federal  Aviation  Agency. 
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28.2  Quality  Assurance  Provisions 

28.2.1  General  -  Turbofan  aircraft  engines,  conpooents,  and  test 
apparatus  shall  be  subject  to  inspection  bp  authorized  Government  repre¬ 
sentatives  who  shall  be  given  all  reasonable  facilities  to  determine 
cooforeaece  with  this  specification.  All  instructions  for  testing 

of  the  engine  shall  be  available  to  the  Government  representative. 

28.2.1.1  Accuracy  of  Data  -  Automatic  recording  equipment  and 
associated  test  apparatus  required  to  evaluate  engine  variables  versus 
tine  shall  have  a  static  accuracy  within  22  of  the  values  obtained 

at  the  nasi  non  rating  of  the  engine.  The  accuracy  of  transient  data 
and  the  corresponding  instrument  calibration  aethods  shall  be  subject 
to  review  by  the  authorised  Govenaent  representative  and  shall  be 
described  in  the  Flight  Test  Status  report.  All  instruments  and  equipment 
shall  be  calibrated  as  necessary  to  insure  that  the  required  degree 
of  accuracy  is  maintained . 

28.2.2  Engine  Tests 

28.2.2.1  Test  Conditions  -  The  following  conditions  shall  apply 
for  all  engine  tests  unless  otherwise  specified. 

28.2.2.1.1  Test  Apparatus 

28.2.2.1.1.1  Automatic  le cording  Equipment  -  Antonatlc  continuous 
recording  equipment  shall  be  used  to  record  data  during  the  execution 
of  that  part  of  the  engine  tests  (see  28.2.2.2.1.3,  28.2.2.2.2.3, 

28.2. 2. 2. 2. 5. 2,  28.2.2.2.2.3.3,  and  28.2.2.2.3.1)  requiring  the  evaluation 
of  tine  versus  engine  variables. 

28.2.2.1.1.2  Vibration  Heasurenrnt  ^oulpmtnt  -  The  vibration 
equipment  used  for  measurement  of  engine  case  vibration  shall  have 
frequency  response  characteristics  sisdlar  to  the  resprose  characteristics 
of  equipment  used  on  previously  Type  Certificated  engines. 

28.2.2.1.2  Preliminary  Data  -  The  engine  weight  and  center  of 
gravity,  if  not  previously  obtained,  photographs,  and  other  pertinent 
engine  data  shall  be  obtained  preferably  at  the  time  the  engine  is 
being  prepared  for  test. 

28.2.2.1.3  Operating  Test  Conditions 

28.2.2.1.3.1  Inlet  Distortion  -  All  operation  during  the  tests 
specified  in  28.2.2.2.2.1  and  28.2.2.2.2.2  shall  be  with  representative 
inlet  distortion  patterns,  within  facility  limitations,  as  determined 
by  airframe  inlet  tests  but  not  to  exceed  the  distortion  llstits  speci¬ 
fied  in  10.0(a). 


28.2.2.1.3.2  Oil  Inlet  Tesmerature  -  For  all  operation  during 
the  tests  specified  in  28.2.2.2.2.2,  the  main  oil  temperature  at  the 
location  designated  on  the  Installation  Drawing  shall  be  self-regulating. 
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28.2.2.1.3.3  011  Servicing  -  The  oil  qntta  shall  be  drained 
and  filled  with  new  oil  at  the  start  of  the  specific  engine  test.  The 
esc  of  external  oil  filters  shall  not  be  pend. t ted.  The  oil  system 
shall  be  further  maintained  in  accordance  with  the  requirements  of 
PttlA. 


28.2.2.1.3.4  Accredl table  Test  Time  -  Test  tine  shall  not  be 
credited  by  Increments  shorter  than  IS  minutes,  except  when  shorter 
periods  are  a  test  requirement . 

28.2.2. 1.3.5  Vapor  Treasure  Data  -  Met  and  dry  bulb  air  (separators 
readings  shall  be  taken  at  intervals  not  exceeding  3  hoars. 

28.2.2.1.3.6  taremeter  tending.  -  The  barons  ter  shall  be  read 
and  recorded  at  Intervals  not  exceeding  3  hoars. 

28.2.2.1.3.7  Miscellaneous  Pets  -  The  date,  operating  schedule, 
engine  model  designation,  and  aerial  number  shall  be  recorded  on  each 
log  sheet. 


28.2.2.1.3.8  Test  Iotas  -  Note*  shall  be  placed  on  the  log  sheets 
of  all  incidents  of  the  ran,  such  as  leaks,  vibration,  and  other  irregular 
functioning  of  the  engine  or  the  equipment,  and  corrective  measures 
taken. 


28.2.2.1.3.9  Correction  -  leadings  of  thrust,  rpm,  airflow  rate, 
fuel  flow  rate,  specific  fuel  consumption,  gas  pressures,  and  gas  tarn- 
peratures  shall  be  corrected  to  standard  sea  level  atmospheric  conditions 
as  defined  in  1962  U.S.  Standard  Atmosphere  (Geometric)  conditions. 

In  order  to  determine  conformance  with  the  engine  performance  ratings, 
the  corrected  thrust  and  specific  fuel  consumption  shall  be  determined 
for  all  rated  conditions  by  PAHA  standard  analytical  and  correction 
procedures. 

28.2.2.1.3.9.1  Baroneter  Correction  for  Teaperature  -  The  barometer 
shall  be  corrected  for  teaperature. 

28.2.2.2  Endurance  Test 


28.2.2.2.1  Calibrations  and  Checks  -  Performance  during  calibrations 
and  checks  shall  west  the  requirements  specified  herein.  Operating 

time  during  calibrations  shall  be  limited  to  the  minimm  practicable. 

28.2.2.2.1.1  Electrical  and  Electronic  Interference  and  Susceptibility 
Check  -  An  interference  and  susceptibility  check  in  accordance  with 

18.2  shall  be  made  on  ail  electrical  and  electronic  components  or  systems 
of  the  test  engine  prior  to  initiation  of  the  flight  test  status  test. 
Scleaoid  valves  and  position  indicator  switches  shall  not  be  contributing 
interference  since  the  interference  duration  is  approximately  1  second 
and  will  have  an  infrequent  recurrence  rate. 
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28.2.2.2.1.2  Satinc  Control  System  Calibration  -  Prior  to  the 
initiation  of  the  engine  calibration  specified  in  28.2.2.2.1.3,  the 
components  of  the  engine  control  system  shall  undergo  bench  calibration 
using  test  fluid  in  accordance  with  the  specification  fuel  to  determine 
conformance  with  the  design  tolerance  range  required  by  TWA.  The 
calibration  shall  include  a  neasurenent  of  power  lever  torque. 

28.2.2.2.1.3  Eg tine  Calibration  -  The  procedure  during  the  engine 
calibration  shall  be  such  as  to  establish  the  sea  level  static  perfor¬ 
mance  characteristics  of  the  conplcte  turbo fan  engine  prior  to  the 
endurance  run.  Calibrations  shall  be  nade  with  a  TWA  bellmouth,  no 
accessory  power  extraction,  without  loading  the  accessory  drives,  and 
with  no  compressor  bleed  airflow  other  than  that  required  for  continuous 
engine  operation,  except  where  specified.  The  following  data  shall  be 
obtained: 

a.  Steady  state  data:  Data  required  to  establish  compliance  with 
applicable  sea  level  peformance  characteristics  covered  by 
table  I. 

b.  Transient  data:  Data  required  to  demonstrate  engine  starting 
and  thrust  transients. 

c.  Repeat  items  "a"  and  *V*  above  with  marl awn  permissible 
compressor  blead  airflow,  to  determine  the  effect  of  air  bleed 
on  engine  performance. 

28.2.2.2.2  Procedure  -  Following  the  calibration  run,  the  control 
shall  be  adjusted  to  produce  at  least  the  takeoff  rated  thrust  with  the 
power  lever  in  the  takaoff  thrust  position.  During  the  test  the  engine 
shall  be  adjusted  as  necessary  to  maintain  the  rated  thrust.  The  test 
shall  be  conducted  in  accordance  with  28.2.2.2.2.1  and  28.2.2.2.2.2. 

PiUA  may  establish  the  order  of  runs  in  each  cycle  to  accommodate  best 
utilization  of  the  test  facility.  The  time  for  changing  thrust  shall  be 
charged  to  the  duration  time  at  the  lower  setting.  For  all  power  lever 
movements,  the  power  lever  shall  be  advanced  or  retarded,  as  applicable, 
in  not  more  than  1  second  during  the  applicable  te*-t  specified  in 
28.2.2.2.2.1  and  1  minute  during  the  applicable  test  specified  in 
28.2.2.2.2.2. 


28.2.2.2.2.1  Part  1  -  The  25-hour  sea  level  endurance  test  shall 
consist  of  5  cycles  of  5  hours  each  to  be  conducted  in  accordance  with 
the  schedule  listed  below  and  as  shewn  on  figure  A-i.  At  least  2  of  these 
cycles  shall  be  at  the  maximum  specified  fuel  inlet  pressure.  The  2nd 
cycle  shall  be  accomplished  with  32  gas  generator  bleed  airflow.  All 
other  cycles  shall  be  with  no  compressor  air  bleed  flow  other  than  that 
required  for  continuous  engine  operation. 

a.  Takeoff  thrust  run  -  Thirty  alsutes  consisting  of  five  6-minute 
periods,  in  each  of  which  5  minutes  shall  be  run  with  the 
power  lever  in  the  Takeoff  Augmented  thrust  position,  and 

1  minute  with  the  power  lever  in  the  952  Takeoff  Nooaugmen! *d 
thrust  position. 

b.  Cruise  augmented  thrust  run  -  One  hour  with  the  sea  level  power 
setting  corresponding  to  Cruise  Partially  Augmented  thrust 
(reference  table  II). 
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c.  Takggff  Ah— wared  thmt  -  Idle  throat  na  -  Thirty  minutes 
consisting  of  five  6-miaute  periods,  in  each  of  which  4  minutes 
shell  he  ran  with  the  power  lever  in  the  Takeoff  ftrqpwnfd 
thrust  position,  and  2  minutes  with  the  power  lever  in  the 
Idle  thrust  position. 

d.  951  Takaoff  McnaunmBatmd  thrust  run  -  Forty-five  minutes  with  the 
power  setting  corresponding  to  95X  Takeoff  Xonsngmmted  thrust. 

a.  >51  Takaoff  Pons— anted  thrust  run  -  lmenty-ooe  ninutas  with 
the  power  lever  in  the  position  corresponding  to  85Z  Takeoff 
Tnuaugneatsd  thrust. 

f .  Inverse  thrust  ns  -  Sine  minutes  in  the  sequence  of  power 
lever  positions  and  tins  durations  as  follows:  1  minute 
Idle,  1  minute  Nudan  levers'  thrust,  6  minutes  alternating 
1  minute  each  at  Takeoff  Aug&anted  thrust  and  Mariano  Reverse 
thrust,  and  1  minute  Idle. 

g.  Thrust  transients  ran  -  Thirty  minutes  of  thrust  transients, 
consisting  of  6  cycles  in  the  sequence  of  power  lever  postion 
from  Idle  thrust  to  Takeoff  Augmented  thrust,  maintained  at 
Takaoff  Angara  tad  for  40  +  J  seconds,  retarded  to  Idle,  and 
aeintained  for  approximately  4  ml  antes.  One  cycle  will  be 
accomplished  with  the  anguMtatlott  lightoff  at  minimum  augmented 
pot  er  lever  position. 

fa.  Incremental  thrust  run  -  One  hour  and  15  ninutas  consisting 
of  5  ninutas  with  the  power  lever  position  corresponding  to 
each  of  the  following  percentages  of  Takeoff  Mon —unrated 
thrust:  15,  25,  35,  40,  45,  50,  55,  60,  65,  70,  75,  80,  85, 

95,  100.  This  portion  of  the  test  nay  ha  revised  to  include 
additional  tine  at  the  vibratory  spaeda  and  elimination  of 
some  Intermediate  points. 

28.2.2.2.2.2  Fart  2  -  The  50-hour  heated  inlet  air  test  shall  be 
conducted  on  the  engine  which  completed  Part  1  above,  without  the  reverser- 
suppressor  installed.  The  test  shall  consist  of  12  cycles  of  4  hours  and 
10  minutes  each  to  he  conducted  in  accordance  with  the  schedule  listed 
below  and  as  shown  on  figure  A- 2  (curve  A).  The  engine  inlet  air  and  the 
air  that  passes  over  the  engine  will  be  conditioned  as  shown  on  figures 
A-2  (curve  8),  and  A-3  (curve  A)  within  the  tolerances  of  the  facility.  The 
fuel  temperature  at  the  fuel  pump  inlet  will  be  as  shown  on  figure  A-3 
(curve  8)  within  the  tolerance  of  the  facility.  This  portion  of  the  Flight 
Test  Status  endurance  test  shall  be  condu:ted,  within  facility  limitations, 
as  follows: 

a.  Maxingi  Auggtntmd  thrust  run  -  Sevan  minutes  with  the  power 
lever  position  corresponding  to  the  Marl  nan  Augmented  thrust 
position. 

b.  Maximum  cruise  thtuat  run  -  Twenty-four  minutes  with  the  * 
power  lever  poeitloc  corresponding  to  551  of  Marl mini 
Augmented  thrust. 

c.  Mininun  Cruise  thrust  run  -  Twenty-four  minutes  with  the  power 
lever  position  corresponding  to  401  of  Maximum  Augmented 
thrust. 

d .  Idle  descent  run  -  Sixteen  minutes  with  ths  power  lever  is  the 
Idle  thrust  position. 
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e.  Airport  departure  naneuver.  C raise  Fart  Power  ran  -  Fifteen 
minutes  with  the  power  lever  position  corresponding  to  201 
of  Takeoff  Sonaugmented  thrust. 

f  -  Max  lane  augmented  thrust  ran  -  Thirteen  minutes  with  the  power 
lever  position  corresponding  to  the  Maximum  Augmented  thrust 
position. 

g-  Maximal  cruise  thrust  run  -  Fifty-five  minutes  with  the 
power  lever  position  corresponding  to  5*tX  of  Maximum  Aug¬ 
mented  thrust. 

h.  Minimum  cruise  thrust  run  -  Fifty-five  minutes  with  the 
power  lever  position  corresponding  to  401  of  Maximum  Aug¬ 
mented  thrust. 

i.  Subsonic  cruise  nonamgsanted  run  -  Twenty-five  minutes  with 
the  power  lever  position  corresponding  to  SOX  of  Takeoff 
Xooaugnented  thrust. 

j.  Idle  descent  run  -  Sixteen  minutes  with  the  power  lever  in 
the  Idle  thrust  position. 

Two  augmentation  system  lightoffs  shall  he  unde  during  each  cycle. 

28.2.2.2.2.3  Starts  -  A  minimum  of  25  sea  level  static  starts  shall 
be  made  on  the  endurance  test  engine.  There  shall  be  at  least  10  starts 
each  preceded  by  at  least  a  2-hour  shutdown.  At  least  one  of  these 

10  starts  shall  be  uade  during  or  at  the  beginning  of  cadi  2  successive 
cycles.  In  addition,  there  shall  be  5  false  starts  (a  starting  sequence 
without  benefit  of  ignition,  followed  immediately  after  the  permissible 
engine  drainage  procedure  by  a  successful  start),  and  5  restarts  (a  start 
within  a  maximum  of  15  minutes  time  from  shutdown).  If  necessary,  addi¬ 
tional  starts  required  to  bring  the  total  to  25  may  be  made  at  the  end 
of  the  endurance  test.  The  false  starts  may  he  conducted  on  an  outdoor 
test  stand  using  an  engine  not  necessarily  the  endurance  test  engine. 

28.2.2.2.2.4  Altitude  Test  -  An  engine,  substantially  identical 
to  but  not  necessarily  the  sane  engine  which  completed  28.2.2.2.2.1  and 
28.2.2.2.2.2,  shall  be  subjected  to  altitude  tests  to  substantiate  the 
altitude  performance  specified  in  table  II  as  modified  by  6.1  In 
Appendix  A. 


28.2.2.2.2.5  Data 

28.2.2.2.2.5.1  Steady-State  Data  -  During  the  endurance  test, 
except  for  the  thrust  transient  runs,  the  following  data  shall  be 
recorded,  where  applicable,  at  intervals  not  greater  than  30  minutes 
or  once  during  each  test  run,  whichever  is  shorter: 

Tine  of  day. 

Tctsl  endurance  time. 

Power  lever  position. 

Exhaust  nozzle  position. 

Engine  rotor  speeds,  rpu. 

Fuel  consumption,  lb /hr. 

•Data  for  determining  airflow. 

Engine  inlet  total  pressure,  in.  fig.  abs. 
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Engine  islet  total  taptntut,  *?  (*C) . 

♦Compressor  air  bland  total  pressure,  peia. 

Compressor  air  blood  static  pressure,  poia. 

Turbine  discharge  total  pressure,  poia. 

*Edsamt  total  pressure,  peia. 

Moot  static  pressure,  la.  Ig.  due  (if  different  fro®  the 
barometer  readings). 

Oil  pressure  at  pressure  pap  outlet,  peig. 

Fuel  pressure  at  fuel  system  inlet,  peig. 

Fuel  pressure  at  point  shove  on  Installation  Graving,  paig. 

Fuel  tenperature  at  fuel  system  inlet,  *F  (*C). 

Measured  steady-state  turbine  exhaust  gas  t separators,  *F(*C). 

Duct  heater  fuel  flaw,  lb/hr. 

Engine  case  vibration  at  points  shown  on  Installation  Graving,  nils. 
♦Ignition  source  voltage  and  current  (eh lie  starting). 

Engine  Mein  Oil  Tenperature  *F  (*C) . 

Breather  Pressure,  psia. 

♦Mote:  Iteas  narked  with  an  asterisk  need  be  recorded  during  calibrations 
only.  The  oil  consumption,  oil  specific  gravity,  fuel  specific 
gravity,  end  foal  lover  heating  value  shell  be  measured  at 
suitable  intervale. 

28.2. 2. 2. 2. 5. 2  Thrust  Transient  Date  -  For  each  thrust  transient 
performed  during  the  thrust  transient  and  reverse  thrust  rune,  the 
swisui  values  of  measured  gas  teaperstore,  thrust,  fuel  flow,  and  engine 
speed  attained  during  the  thrust  transients  shall  be  recorded. 

28.2.2.2.2.5.3  Start ins  Data  -  During  the  starts  conducted  under 
28.2.2.2.2.3,  the  folloving  data  shall  be  recorded  for  each  start 
performed: 


Ambient  temperature. 

Start  number. 

♦Time  to  Ignition. 

♦Time  to  starter  cut  out. 

Time  to  stabilize  ground  idle  rpm. 

**pm  at  ignition. 

♦tpm  at  starter  cut  out. 

Maximum  measured  gas  taaperaturt. 

Mote:  Iteas  marked  with  an  asterisk  need  be  recorded  only  during 

calibration,  recall brat ion,  and  2  successive  starts  at  the 
beginning  and  the  sod  of  the  endurance  test,  st  least  ooe 
of  which  %rill  be  after  a  2 -hour  shutdown.  These  data  will 
also  be  recorded  during  ooa  of  the  falsa  starts. 

In  addition,  records  of  starter  torque  versus  revolutions  per  minute 
(rpm)  shall  be  made  during  calibration,  recalibration  and  5  successive 
starts  of  the  endurance  test.  Startar  torque  versus  rpm  testing  nay  be 
waived  if  acceptable  data  are  available  from  mother  equivalent  engine. 
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28.2.2.2.3  Recalibrations 

28.2.2.2.3.1  Engine  Becallbratioo  -  After  completion  of  the  tests 
specified  in  28.2.2.2.2.1  sod  28.2.2.2.2.2,  a  recalibratico  check  rim 
is  accordance  with  28.2.2.2.1.3  "a"  and  ”b"  as  modified  shall  be  node 
on  the  endurance  test  engine.  During  the  recalibration  check  run,  the 
engine  shall  be  adjusted  to  produce  on  a  standard  day,  the  aonangnented 
thrust  or  nasi  nun  turbine  discharge  teaperature,  whichever  is  lower, 
that  was  obtained  during  the  initial  calibration.  During  nrlaa 
augmented  operation,  duct  beater  fuel  flaw  shall  be  adjusted  so  that, 
on  a  standard  day,  the  total  fuel  flow  will  correspond  to  the  level 
that  was  obtained  during  the  Initial  calibration.  During  this  run  the 
corrected  jet  thrust  shall  be  not  less  than  95X  of  the  initial  cali¬ 
bration  values,  and  the  corrected  specific  fuel  consumptions  shall 

not  exceed  1051  of  the  initial  calibration  values,  the  engine 
shall  meet  all  other  specified  performance  requirements  which  can  be 
checked  by  the  calibration  procedure.  The  check  run  asy  be  preceded 
by  a  run-in  period  during  which  the  cleaning  procedure  recommended 
for  field  use  by  P&KA  asy  be  applied. 

28.2.2.2.3.2  Engine  Control  System  Recalibration  -  After  completion 
of  the  engine  recalibration  specified  in  28.2.2.2.3.1,  the  components 

of  the  engine  control  system  shall  undergo  a  bench  racallbratloo  to 
determine  conformance  with  the  design  tolerance  range  required  by  PAHA. 

For  this  recalibration,  external  engine  control  adjustments  shall  be 
established  at  their  pre-test  bench  calibration  positions. 

28.2.3  Engine  Components  Test  -  PAHA  will  supply  suitable  data 
on  engine  component  tests.  Components  used  for  these  tests  shall  be 
substantially  identical  with  those  used  on  the  endurance  tests.  The 
instrumentation  to  be  delivered  with  the  FTS  engine  shall  not  be 
subject  to  FTS  test  approval. 

28. 2. A  Tcardown  Inspection  -  After  completion  of  the  tests,  the 
engine  and  components  shall  be  completely  disassembled  for  examination 
of  all  parts  and  measured,  as  necessary,  to  disclose  excessively  worn, 
distorted,  or  weakened  parts.  These  measurements  shall  be  compared 
with  the  drawing  dimensions  and  tolerances,  or  with  similar  measurements 
aade  prior  to  the  test  when  available. 

28.2.5  General  Inspection  -  All  tests  shall  be  subject  to  witnessing 
by  a  Government  representative.  The  engine  and  components  shall  be  exa¬ 
mined  to  determine  if  they  conform  to  all  requirements  of  the  contract 
and  specification  under  which  they  were  built.  At  convenient  times  prior 
to  the  tests  and  during  teardown  inspections  the  engine  and  components 
shall  be  exaained  to  determine  if  they  conform  to  all  requirements  of 
the  contract  and  spec! float ioca  under  which  they  were  built.  Inspection 
of  the  engine  during  the  test  asy  be  conducted  between  the  test  cycles 
at  the  discretion  of  PAHA.  External  adjustments  normally  performed 
during  routine  maintenance  nay  be  made  at  the  discretion  of  PAKA.  Part 
changes  nay  be  Bade  during  the  test  provided  that  such  part  subsequently 
completes  that  portion  of  the  test  run  prior  to  its  installation.  This 
requirement  may  be  accomplished  on  the  same  engine  or  another  engine 
assembled  essentially  to  the  same  parts  list.  The  Government  represen¬ 
tative  shall  be  notified  of  any  such  maintenance,  adjustment  or  parts  change.” 
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